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I  have  taken  advantage  of  the  alteration  in  the  size  of  the  page  and 
of  the  type  which'  Mr  Murray  has  thought  wise  to  adopt,  to  malce 
considerable  changes  in   the  present  edition.     I    have   through* 
however,  endeavoured  to  remember  that  the  main  object  of  the  work 

bo  supply  students  with  a  complete  but  elementary  text-book. 
Sections  which  treat  of  what  may  be  termed  ■  advanced  work  "  liave 
therefon  Bade  at  brief  u  possible,  rod  have  been  inserted  in 

II  print.  The  student  on  reading  the  book  for  the  first  time  will 
tin. I  it  best  to  omit  these  passages.  When  he  has  mastered  ili« 
continuous  story  told  in  the  large  text,  he  will  then  be  able  to  study 
what  is  given  in  small  type. 

During  the  past  few  years  two  important  advanced  text-books, 
have  made  thoir  appearance;  one  published  in  this  country,  under  the 
editorship  of  Professor  Soh&far,  F.R.S.,  and  the  other  in  America, 
under  the  editorship  of  Professor  Howell.  I  am  ttkVXjh  indebted  I" 
both  of  these  for  assistance  in  bringing  this  book  up  to  date.  I  have 
also  to  thank  Professor  Schiifor  for  allowing  me  to  copy  several  of 
the  hub  motive  BOW  diagrams  which  have  appeared  in  his  Essen/ 
of  Histology. 

The  parts  of  this  book  which  have  undergone  moBt  revision  are 
those  relating  to  the  nervous  system  and  to  the  circulation  of  the 
blood.  Under  the  latter  head  I  have  devoted  some  space  to  those 
elementary  principles  of  physics  which  underlie  what  is  often  called 
bsBDodynamioa  Experience  in  teaching  lias  shown  me  that  although 
students  may  liave  previously  received  instruction  in  physics  and 


Til 


tOHti 


i 


HALLIBURTON'S 
HAND-BOOK  OF  PHYSIOLOGY 


CONTENTS 


CHAPTER   IV 


The  Connective  TlSStEH 
Areolar  Tissue 
Fibrous  Tissue 
Elastic  Tissue . 
Adipose  Tissue 
Retiform  Tissue 
Adenoid  or  Lymphoid  Tissue 
Basement  Membranes 
Jelly-like  Connective  Tissue 


PAQB 

35 
36 
41 
43 
43 
46 
47 
47 
48 


CHAPTER   V 


The  Connective  Tiaavts— continued 
Cartilage 
Bone    . 
Ossification 
Teeth  . 
The  Blood 


49 
49 
54 
59 
64 
76 


CHAPTER   VI 


hilar  Tissue  ....... 

78 

Voluntary  Muscle       ...... 

79 

Red  Muscles  ....... 

87 

Cardiac  Muscle          ...... 

87 

Plain  Muscle  ....... 

87 

Development  of  Muscular  Fibres      .... 

88 

CHAPTER   VII 

N  RVE        ..........         90 

Structure  of    .  .  .  .  .  .  .90 

Terminations  of  ........        95 

Development  of  ........        96 

CHAPTER    VIII 


IRHITAHILITY    AM)   CoNTHACTIMTV 


0!) 


CHAPTER   IX 

Contk action  ok  Mi'scxE — Summary 


105 


CONTENTS 

XI 

IAiTF.lt    X 

NO 

Chavoe   IV    Fo*n   IV   A    MliHLt  »H£X 

IT  CoKTNACn     .                       ^H                 107 

Instruments  uaed 

•                                         • 

107 

Simple  Musde  Curve. 

•                .                • 

116 

1  tie  Muscle-Wave 

9 

118 

Effect  of  two  Successive  Stir 

mi 

Effect  of  more  than  two  Stimuli 

ISO 

Tetanus 

m 

Voluntary  Tetania     . 

121 

£XTEXHI*1LII\ 


t    I  \l 

.   ELAsmirv.   and  WlMUl  01    fcfcKU 


125 


CHAPTEB  XII 

Til*  Elzuhuai  Phexomeva  or  Mi'kij: 


138 


CHAPTER    XIII 


TllEKMAI.   AMI   ClIMIMAL  ClIANC.ES   I!»    MlIMLE 

Fatigue  .... 

Rigor  Mortis   .... 
Chemical  Composition  ot  M  :scl. 


147 
150 
158 
154 


CHAPTEB  XIV 

Co.HrA»L*1H    Of    VoM'S'iAHt     AS  II    In  VOMIKTAH  ^     Ml 


158 


CHAPTER    XV 


PnraoLour  or  Nnvt 

Classification  of  Nerves 
Investigation  of 'Nerve  Functions 
Degeneration  of  Nerve 
Kootf  of  the  Spinal  Nerve*  . 
Changes  in  Nerve  during  Activity 
Nerve  Impulses 
Crossing  of  Nerves     . 
.  mistry  of  Nerve   . 


CHAPTKK    XV[ 


KtZlTROIOJflJ* 


XII 


C0NTKNT8 


CHAPTER   XVII 


Nerve  Centres     .... 

PASS 

.       190 

Structure  of  Nerve-Cells 

192 

The  Significance  of  NissTs  Granules 

200 

Classification  of  Nerve-Cells  . 

203 

Law  of  Axipetal  Conduction . 

204 

CHAPTER  XVIII 

The  Circulatory  System 

.       206 

The  Heart       .... 

206 

Course  of  the  Circulation 

.       213 

Arteries    .... 

214 

Veins       .... 

216 

Capillaries 

219 

Lymphatic  Vessels 

221 

CHAPTER   XIX 

The  Circulation  of  tux  Blood 

226 

CHAPTER   : 

KX 

Physiology  of  the  Heart 

231 

The  Cardiac  Cycle      . 

231 

Action  of  the  Valves  of  the  Heart    . 

233 

Sounds  of  the  Heart  . 

234 

Coronary  Arteries 

237 

Cardiographs  .... 

237 

Intracardiac  Pressure 

240 

Frequency  of  the  Heart's  Action 

244 

Work  of  the  Heart     . 

244 

Innervation  of  the  Heart 

247 

The  Excised  Heart     . 

252 

CHAPTER    > 

iXl 

The  Circulation  in  the  Blood-vessels 

.       289 

Use  of  the  Elasticity  of  the  Vessels  . 

261 

Blood-pressure 

263 

Velocity  of  the  Blood-Flow   . 

278 

The  Time  of  a  Complete  Circulation 

285 

The  Pulse       .... 

287 

The  Capillary  Flow 

293 

The  Venous  Flow 

296 

The  Vasomotor  Nervous  System 

297 

Plethysmography 

307 

Pathological  Conditions 

310 

Local  Peculiarities  of  the  Circulation 

311 

CHAPI'KK    XXIII 


The  D«.cti.e»  Glands     ..,.,,..  328 

Spleen               .........  329 

Hirmolymph  Glnnds ........  3*8 

Thymus           .........  834 

Thyroid           .........  385 

Parathyroids   .........  337 

Suprii-rvTMil  Capsules  ........  3:18 

Pituitary  Body 341 

Pineal  Gland 341 

Coccygeal  and  Carotid  Glands          ......  342 


CHAPTER    XXIV 


KcsriRATION 

Respiratory  Apparatus 

Respiratory  Mechanism 

Nervous  Mechanism  of  Respiration 

Special  Respirntory  Acts 

Effect  of  Respiration  on  tin-  Circulation 

Asphyxia         .... 

Effects  of  Breathing  Gases  other  thiin  the  Atmospl 

Alterations  in  the  Atmospheric  Pressure 

Chemistry  of  Respiration 


343 
843 

351 
360 
38  t 
366 
370 
378 
374 
374 


CHAPTER   XXV 


Tiif  CnEMicjki.  Co*rosmov  ok  tiii:  Bohv  .  .  .  .  .386 

Carbohydrates  .......       386 

Fats     ..........       393 

Protcids  .........      386 

The  Polarimeter  ........       404 

Ferments  .........       405 


XIV 


CONTENTS 


CHAPTER  XXVI 


The  Blood 

Coagulation  of  the  Blood 

Plasma  and  Serum 

Blood-Corpuscles 

Blood  Platelets 

Development  of  the  Blood-Corpuscles 

Chemistry  of  the  Blood-Corpuscles 

Hemoglobin  . 

Immunity 


PADS 

409 
412 
414 
418 
428 
425 
428 
429 
489 


CHAPTER   XXVII 


The  Alimentary  Canal 


445 


CHAPTER   XXVIII 


Food 
Milk 


Meat   . 

Flour   . 
Bread  . 
Cooking  of  Food 
Accessories  to  Food 


459 
461 
465 
466 
467 
468 
468 
469 


CHAPTER  XXIX 


Secreting  Glands 

Electrical  Variations  in  Glands 


470 
473 


CHAPTER  XXX 

Saliva         ..........  474 

The  Salivary  Glands  .  .  .....  474 

Secretory  Nerves  of  Salivary  Glands  .....  476 

The  Saliva       .........  479 

CHAPTER   XXXI 

The  Gastric  Juice  ........  481 

Composition    .........  483 

Innervation  of  the  Gastric  Glands    ......  485 

Action  of  Gastric  Juice 486 


CONTENTS 


XV 


CHAPTER   XXXII 

Digestion  in  the  Intestines      .... 
The  Pancreas  ..... 

Composition  and  Action  of  Pancreatic  Juice 
Secretory  Nerves  of  the  Pancreas 

The  so-called  Peripheral  Reflex  Secretion  of  the  Pancreas 
The  Suocns  Entericus  .... 

Bacterial  Action  ..... 

Leucine  and  Tyrosine  .... 

Extirpation  of  the  Pancreas  .... 


vxot 
490 
490 
491 
493 
494 
495 
498 
499 
600 


CHAPTER   XXXIII 


The  Liver              ...... 

.       502 

Functions        ...... 

.       507 

Bile 

.       608 

Glycogenic  Function  of  the  Liver 

.       514 

Nerves  of  the  Liver     ..... 

.       518 

CHAPTER   XXXIV 


The  Absorption  of  Food 


619 


CHAPTER   XXXV 


The  Mechanical  Processes  of  Digestion 
Mastication 
Deglutition 

Movements  of  the  Stomach 
Vomiting 
Movements  of  the  Intestines 


526 
525 
626 
528 
530 
531 


CHAPTER    XXXVI 


The  Urinary  Apparatus 
Nerves  of  the  Kidney 
Activity  of  the  Renal  Epithelium 
Work  done  by  the  Kidney 
Extirpation  of  the  Kidneys    . 
Passage  of  Urine  into  the  Bladder 
Micturition     . 


535 
543 
546 
547 
548 
548 
549 


XVI 


CONTENTS 


CHAPTER   XXXVII 


The  Urine 

Urea 

Ammonia 

Uric  Acid 

Hippuric  Acid 

Creatinine 

Inorganic  Constituents  of  Urine 

Urinary  Deposits 

Pathological  Urine     . 


I'AOI 

551 
552 
659 
560 
562 
563 
564 
567 
670 


CHAPTER   XXXVIII 

The  Ski*  ..........       574 


CHAPTER  XXXIX 

General  Metabolism      •      „    • 
Discharge  of  Carbon 
Discharge  of  Nitrogen 
Balance  of  Income  and  Discharge  in  Health 
Inanition  or  Starvation 
Exchange  of  Material  in  Diseases     . 
Lux  us  Consumption  .... 


588 
586 
587 
587 
589 
592 
594 


CHAPTER  XL 


Animal  Heat        ....... 

Regulation  of  the  Temperature  of  Warm-blooded  Animals 


698 
60S 


CHAPTER  XLI 
The  Central  Nirvoi'b  System  . 


606 


CHAPTER  XLI  I 

Structurr  of  the  Spinal  Cord 


608 


CHAPTER   XLIII 


The  Brain 


622 


CHAPTER  XLIV 

Structure  or  the  Bulb,  Pons,  and  Mid-Bhain 
The  Cranial  Nerves    .... 


626 
640 


COX"  : 


XV  u 


CHAPTER  XI  V 

MUM 

tTVRC   Ol     I  HE   CEKKIiOXrM    .......  018 

CHAPTEK   XI. VI 

ot    niE  Cerebrvsi       .......       852 

Histology  of  the  Cortex  .  .  .      9M 

The  Convolutions        ........      062 

(  HAFTKR    XI. VII 

Htiosti  or  TBI  Spwal  Com>.  .....  007 

The  Cord  as  an  Organ  of  Conduction  .807 

Keflex  Ad  ion  of  the  Cord 00V 

Keflex  Action  in  Man  ....... 

Spinal  Visceral  Ketiexes         .......       670 

CHAPTBB  XLVlll 

jKi-viosis  or  the  Cebebbim       .......       078 

Removal  of  the  Cerebrum       .......       078 

Localisation  of  Cerebral  Functions    ...  .079 

Function  and  Myclinntion      .......       092 

Association  Fibres  and  Centres                                                                    .693 
Sleep 097 


ch  iPTEB  Xl.ix 

»cno»i  or  tiii  Coieklliw  .......      702 

'Hie  Semicircular  Canals         .......       700 

CHAPTBB  L 

Coui'ARATtrs  PiivnoLonY  or  tub:  Bbain  .....       710 

(  HAPTEB    I.I 

ScMSATIOX    .  .  .  .  .  .  .Til 

(  HAPTER  II I 

CuTaymt's  Skxsatioms     ........  719 

Tactile  Bud  Organs    ........  719 

Localisation  of  Tactile  Scnsatioua  rs\ 

Varieties  of  Cutaneous  Sensations    .  .  .  725 

The  KsflBBStfaatk  Seme  .... 

0 


XVU1 


C0NTENT8 


CHAPTER   LIII 

paoi 
Taste  and  Shell  .........      729 

Taste  ..........      729 

Smell 784 


CHAPTER   LIV 


Hearing 


CHAPTER   LVI 


788 


Anatomy  of  the  Ear   . 
Physiology  of  Hearing 

CHAPTER   LV 

.       738 
.       745 

Voice  and  Speech 

•                     •                     *                     * 

.       751 

Anatomy  of  the  Larynx        ..... 

Movements  of  the  Vocal  Cords         .... 

The  Voice       ....... 

Speech            .           .           .           .           . 

Defects  of  Speech      ...... 

.       751 
.       757 
.       758 
.       760 
761 

Eye  and  Vision 

764 

The  Eyeball    .... 

765 

The  Eye  as  an  Optical  Instrument.  . 

776 

Accommodation 

780 

Defects  in  the  Eye     . 

784 

Functions  of  the  Iris  . 

788 

Functions  of  the  Retina 

789 

The  Ophthalmoscope 

792 

The  Perimeter 

795 

Colour  Sensations 

796 

Changes  in  the  Retina  during  Activity 

801 

Various  Positions  of  the  Eyeballs     . 

805 

Nervous  Paths  in  the  Optic  Nerves  . 

808 

Visual  Judgments      . 

809 

CHAPTER   LVII 
Trophic  Nerves  .  .  .......      818 


CHAPTER    LVIII 


The  Reproductive  Organs 


Male  Organs  . 
Female  Organs 


816 
816 
821 


CONTENTS 


CH AFTER    I.IX 


The  Ovum 

Maturation  nf  the  O 

Impregnation 

Segmentation 

The  Decidun  and  Portal  Membranes 

Development  of  the  Portal  Appendages  and  Membranes 

optnent  of  the  Frame  work  of  the  Body 
Development  of  the  Vasculnr  System 
1  )c  vrli ipment  of  the  Nervous  System 
Development  of  the  Alimentary  Canal 
Development  of  the  Respiratory  Apparatus 
Development  of  the  Genito-urinory  Apparatus 


r*o« 
8-J7 
827 
828 
830 
831 
886 
839 
843 
849 
8.18 
M7 
87U 

K71 


FAHRENHEIT 

tank 

CENTIGRADE 
SCALES. 


F. 
COO" 
401 
802 
S88 

vr* 

860 
847 
888 
829 
820 
811 
::■■:■ 
!!84 
276 

2oe 

348 
289 
290 
SIS 
808 
W 
176 
167 
140 
122 
US 
106 

I'M 

100 


a 

MO" 
206 
300 
186 
190 
180 
176 
170 

lei 

160 
165 
160 
140 
186 
180 
130 
116 
110 
100 

OS 

PO 

HO 

76 

00 

60 

46 

40-54 

40 

87-8 


M4 

06 
86 
TT 
68 

60 
41 

82 

38 

14 
+  6 
-  * 
-IS 
-22 
-40 
-76 


S8-H 

86 

80 

2.1 

30 

10 
6 
0 
-  5 
-10 
-15 
-30 
-36 
-30 
-40 
-00 


I  de«.  p.=  m°c. 

II  „      ■  re. 
s-o  „       =  rc. 

46    ,.         =    S-5-C 
6-4    „         =    8C. 


To  convert  de- 
grees F.  into  de- 
grees C,  subtract 
89,  md  multiply 
byt- 


To  convert  de- 
grees C.  Into  de- 
grees V.,  multiply 
by  fi  ud  add  s?'. 


MEASUREMENTS. 

FRENCH  INTO  ENQLI8H. 


LENGTH. 


1  mi'tre 
10  (Wtlmi-tret 


■  8987  English 
10O0  milllmrtres!  <of  "  >'-,tJ-u"1  "*  •--•> 


1  decinu'tre    i 


3087  inches 


1    <-«'iilir. ,.  ti-f     I 

10  millimetres  I 
1  millimetre 


=  -SU87  or  about 
(nearly  |  inch). 
-  nearly  ,"1  Inch. 


Ob, 
One  Metre  -  80*87070  Inches. 

(It  is  the  ten -millionth  put  of  a  quarter 

of  the  meridian  of  the  earth.) 


1  DfaiirW-tre 
l  natlmntri 

1   MllUmr-tr* 

Decamttro 
Hectomi-tre 
li  il.  >n .  ■  tre 
One  Inch 
Qta  foot  = 
One  yard  = 
One  mile     ■ 


4  En. 

A  to. 

it  m. 
=     82-80  ML 
fa     100-88  Tda. 
s     0-62  mile, 

S-6BS  Centimetres. 

8047  rx-cimetre*. 

0-91  of  a  Metre. 

1«0  Kllomi'trp. 


WEIGHT. 

(One  gramma  It  the  might  of  ■  cubic 
centimetre  of  watof  at  4"  O.  at  Paris.) 

1  gramme         \ 
10  decigramme!    \      ■   15432349  n 
100  centigrammes  J"     (or  nearly  15J). 
1000  mlUlBrammee  I 


=  rather  more 


1  decigramme  "i 
10  centigramme*  , 
100  milligrammes  )       lbwl  *■  «nhl- 


1  centigramme 
10  dMlgrammea 


-  rather  more 
than  f„  gram. 


1  rnllllgratnrue 


=  rather  more 
than  ,J»  grain. 


Ok. 
1  Decagramme  =  2  dr.  84  gr. 
1  HtetogrlB.     =  84  os..  (Avoir.) 
1  Kflogrm.  =  aib.8os.Sdr.(AvoJr.) 
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1,000,000  cubic  centimetres  /     metre. 


1  cubic  decimetre 
or 


}- 


1  litre. 


1000  cubic  centimetres 

Or, 
Ore  Litre  =  1  pt.  16  os.  1  dr.  40. 

(For  simplicity,  Litre  Is  used  to  signify 

1  cubic  decimetre,  a  little  less  than  1 

English  quart.) 
Decilitre  (100  c.c.)  =  H  os. 

Centilitre  (10  c.c.)  -  2}  dr. 

MiUOitre  (1  c.c.)  =  if  m. 

Decalitre  =  21  gala. 

Hectolitre  =  83  gals. 

Kilolitre  (cubic  mitre)  =  37f  bushels. 
A  cubic  inch  =  16*88  c.c. ;  a  cubic  foot 

=  28  816  cubic  dec.,  snd  a  gallon  = 

4  64  litres. 


CONVERSION     bCALE. 

To  coovert  Grammes  to  Ookcks  avoir- 
dupois, multiply  by  20  and  divide  by  667. 

To  convert  Kiloorammes  to  Poukds, 
multiply  by  1000  and  divide  by  464. 

To  convert  Litem  to  Gallors,  mul- 
tiply by  22  and  divide  by  100. 

To  convert  Litres  to  Puns,  multiply 
by  88  and  divide  by  60. 

To  convert  Millimetres  to  lsc wtm, 
multiply  by  10  and  divide  by  864. 

To  convert  Metrrs  to  Yards,  multi- 
ply by  70  and  divide  by  64. 

SURFACE   MEASUREMENT. 
1  square  metre  =  about  1660  sq.  Inches 
(or  10,000  sq.  centimetres,  or  10-76  sq.  ft.) 
1  sq.  inch  =  about  6-4  sq.  centimetres. 
1  sq.  foot  =     „     980    „  „ 


ENERGY   MEASURE. 
1  kHogrammetre  =  about  7*34  ft.  pounds. 
1  foot  pound        =    „     -1881  kgm. 
1  foot  ton  =     ,,     810  kgms. 

HEAT   EQUIVALENT. 
1  kilocalorie  =  434  Wogrammetree.      i 


ENGLISH   MEASURES. 
ApoihtcaHt*  Wright.  AvoirdvpoU  Weight. 

7000  grains     ■     1  lb. 


Or. 

487 -B  grains 


1  01. 


16  drams 
16  os. 
28  lbs. 
4  quarters 
30  cwt. 


1  01. 

1  lb. 

I  quarter. 
1  cwt, 
1  ton. 


II  '  .! 


Measure  of  1  deoimetre.        10  oentlxnetres,  or  100  millimetres. 
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iis  the  science  that  treats  of  living  things,  and  it  is  divided 
into  two  main  branches,  which  are  called  respectively  Morphology 
and  Physiology.  Morphology  is  the  part  of  the  science  that  deals 
with  the  form  or  structure  of  living  things,  and  v.  problems 

of    their  origin   ami    distribution  mi    the   other    hand, 

treats  of  their  functions,  that  is,  the  ma  which  I  hail  imli\  idu&l 

jMirt.^  it  the  prooeeaea  of  life.     To  take  mi  instance:   the  eye 

tod  the  liver  arc  two   familiar  examplos  of  what  are  called  organs; 
the  anatomist  studies  the  structure  of  these  or.  ,  their 

size,  the  tissues  of  which  they  are  composed,  their  position  in  the 
body,  and   the  variations  in   their  structure  met  with  in   diii 
parts  (it   the  animal   kingdom.     The  physiologist  studies  tf 
and  seeks  to  explain  how  the  eye  full,  fanetMB  of  vision,  ami 

how  the  liver  forma  bile,  and  minister*  to   the  needs  of  Iho  liody  in 
other  ways. 

Each  of  these  two  great  branches  of  biological  science  can  be 
further  subdivided  according  as  to  whether  it  deals  with  the  animal 
or  the  vegotablo  kingdom;  thus  we  get  vegetable  physiology  and 
animal  pi  Unman  Physiology  ia  a  largo  and  important 

branch  of  animal  physiology,  and  to  tho  student  of  medicine  is 
obviously  the  portion  of  the  aoienoe  that  should  interest  him  most. 
In  ordor  to  understand  morbid  or  pathological  processes  it 
sary  that  the  normal  or  physiological  functions  should  be  learnt  Brsb 
Thysiology  is  not  a  study  which  can  be  put  aside  and  forgotten  when 
a  certain  examination  has  been  passed;  it  has  a  mo  i,  ami 

intimate  bearing  in  its  application   to  the   scientific  and  successful 
investigation  of  disease,    it  will  bo  my  endeavour  throughout  tho 
subsequent  pages  of  this  book  to  point  out  from  time  to  timi 
practical  relationships  between  physiology  and  pathology. 


Human  phi  aril]  I.,  our  chief  thomo.  but  it  is  not  a  por 

•  groat  scionco  that  can  be  studied  independently  of  its  other 

The*,  iiKiri y  of  the  experiments  upon  wliich  our  knowledge 

of  human  physiology  rests  have  been  porformed  principally  on  cortain 

of  tho  lowor  anirnats.     In  order  to  obtain  a  wido  view  of  vital  pro- 

9  it  will  hp,  occasionally  necessary  to  go  still  further  afield,  and 
call  the  science  of  vegetable  physiology  to  our  assistance. 

The  study  of  physiology  must  go  baud  in  hand  with  tho  study  of 

miv.     It,  -ublo  to  understand  how  the  body  or  any  part 

.if  tlin  l>oly  nets  unless  we  know  uecuratoly  tho  structure  of  tho 
Ofl  trade!  (Mnsiili-i.'it-iiui.  This  is  ospocially  truo  for  that  portion 
of  anatomy  which  is  celled  Microscopic  Anatomy  or  Histology. 
Eadood,  BO  close  is  the  relationship  between  minute  structure  and 
function  that  in  this  country  it  is  usual  for  the  teacher  of 
physiology  to  be  also  the  teacher  of  histology.  Another  branch 
of  anatoui}.  namely,  Em  >.  or   the  process  of  growth  from 

the  ovum,  falls  also  to  some  extent  within   tho  province  of    tho 

iologisL 

Hut  physiology  is  not  only  intimately  related  in  this  way  to  its 
sister  science  anatomy,  but  tho  sciences  of  chemistry  and  physics 
must  also  be  considered.  Indeed,  physiology  lias  been  sometimes 
defined  as  the  application  of  the  laws  of  chemistry  and  physics  to 
life.  That  is  to  say,  tho  sumo  laws  that  regulate  tho  behaviour  of 
tho  mineral  or  inorganic  world  are  also  to  bo  found  operating  in  tho 

D  of  organic  beings.  If  we  wish  for  an  example  of  &U1  !W  BM$ 
again  go  to  tho  oyo;  tho  branch  of  physics  called  optics  teach 
among  Other  things,  the  manner  in  which  images  of  objects  are  pro- 
duced by  lenses;  BUMS  MOM  laws  regulate  the  formation  of  the 
images  of  external  objects  upon  the  sensitive  layer  of  the  back  of  the 
eye  by  the  series  of  louses  in  the  front  of  that  organ.  An  example 
Of  tho  application  of   ehemical   laws  to  living  processes  is  seen  in 

bion;  I  fate  food  contains  certain  ehemical  substances  which  are 

:  on  in  a  ehemical  way  by  the  various  digestive  juices  in  order  to 
render  them  of  service  to  the  organism. 

The  question  arises,  however,  is  there  anything  else  ?  Are  there 
any  Other  laws  than  those  of  physics  and  chemistry  to  be  reckoned 
wiih?  Is  there,  for  instance,  such  a  thing  as  "vital  force"?  It 
[y  admitted  that  physiologists  at  present  are  not  able  to 
explain  all  rital  phenomena  by  the  laws  of  the  physical  world;  but 
as  knowledge  increases  it  is  more  and  more  abundantly  shown  that 
the  supposition  of  any  special  or  vital  force  is  unnecessary;  and  it 
should  bo  distinctly  raoognised  that  when,  in  future  pages,  it  is 
necessary  to  allude  to  vital  action,  it  is  not  because  we  believe  in  any 
specific  vital  energy,  but  merely  because  the  phrase  is  a  convenient 
one  for  expressing  something  that  we  do  not  fully  understand,  some- 
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Dg  that  cannot  at  present  bo  brought  into  line  with  the  physical 
and  chemical  forces  that  operate  in  the  inorganic  world. 

Physiology  proper  may  be  conveniently  divided  into  three  main 

•hos : — 

L  Ghemioal  phj  ;orfcheappli  I  chemistry  to  U\ 

processes. 

2.  Physical  physiology;  or  the  physios  to  living 

processes. 

3.  The  physiology  of  tha  nervous  system  where  the  application  of 

such  laws  is  at  present  extremely  difficult. 

But  just  as  thoro  is  no  hard-and-fast  line  between  physiology-Kid 
its  allioa  pathology,  anatomy,  physios,  and  chemistry,  so  also  thoro  is 

absolute  separation  between  its  three  great  divisions;  physical, 
chemical,  and  so-called  vital  processes  have  to  be  considered  together. 

Physiology  is  a  comparatively  young  science.  Though  Harvey 
more  than  three  hundred  yoars  ago  laid  the  foundation  of  our  science 
f  of  the  circulation  of  the  blood,  it  is  only  during  the 
last  half-century  that  activo  growth  has  occurred.  The  reasons  for 
this  lucent  progress  como  under  two  headings:  those  relating  to 
observation  and  those  relating  to  experiment 

The  method  of  observation  consists  in  accurately  noting  things 
they  occur  in  nature ;  in  other  words,  the  knowledge  of  anatomy 
lust  bo  accurate  before  correct  deductions  as  to  function  aro  possible. 
The  instrument  by  which  such  obeervatiorji  can  be  made  is, 

par  excellent*,  fn»m  the  phyaioiogiatfa  standpoint,  the  mioroaoope,  and 
a  is  the  extended  use  of  tne  microeoope,  and  the  knowledge  of  minute 
anatomy  resulting  from  that  use.  which  has  formed  one  of  the  greatest 
stimuli  to  the  successful  progress  of  physiology  during  the  last  sixty 
year  a. 

But  important  as  observation  id,  it  is  not  the  most  important 
metliDi:  i-.thod  of  experiment  is  still  more   essential.     This 

consists,  not  in  being  content  with  mere  reasonings  from  BtructureB  or 
0001  ;   seen    in   nature,   but  hi   producing  artificially  changed 

relationships  between  the  structures,  and  thus  causing  new  combina- 
tions that  if  one  had  waited  for  Nature  herself  to  produce  might  have 
been    v  ly.      Anatomy  is   important,  but  mere 

t'liuy  has  often  led  people  asteay  when  they  have  trial  to  reason 
how  an  organ  works  from  its  structure  only,  Experiment  is  much 
nore  important;  that  is.  one  tests  one's  theories  by  seeing  whether 
the  occurrences  actually  iico  aa  one  Supposes ;  and   thus  tho 

deductions  are  confirmed    r  corrected    It  is  the  universal  use  of  this 

hod  that  has  mi  Lology  what  it  is.      Instead  of  sitting  down 

I  trying  to  reason  out  how  the  living  maehino  works,  physiologists 
have  actually  tried  the  experiment,  and  so  learnt  much  more  than 
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could  possibly  liavo  been  gained  by  mero  cogitation*  Mauy  experi- 
ments involve  the  use  of  living  animals,  but  the  discovery  »'f  aruea- 
theties,  winch  renders  such  experiments  painless,  has  got  rid  of  any 
objection  to  experiments  on  the  score  of  pain. 

We  must  nest  proceed  1  nination  of  the  general  structure 

of  the  body,  and  an  explanation  of  some  of  the  technical  terms  which 
will  frequently  be  used  hereafter. 

The  adult  body  consist*  of  a  great  number  of  different  parte ;  and 
each  part  has  its  own  Bpecial  work  to  do.  Such  parts  of  the  body  are 
called  organs.  Each  organ  does  not  only  its  own  special  work,  but 
acts  in  harmony  with  other  organs.  This  relationship  between  the 
organs  enables  us  to  group  them  together  into  what  nro  termed 
systems.     Thus,  we  have  tho  rfn  '  system,  that  is,  the  group  of 

organs  (heart,  arteries,  veins,  etc.)  ooncerned  in  the  circulation  of  the 
blood;  the  respiratory  system,  that  is,  the  group  of  organs  (air 
passages,  lungs,  etc.)  concerned  in  the  act  of  breathing ;  the  digestive 
system,  which  deals  with  the  digestion  of  food;  the  excretory  system, 
with  the  getting  rid  of  waste  products;  the  muscular  system,  with 
movement;  and  tho  skeletal  system,  with  the  support  of  the  softer 

be  of  t  In-,  body.    Ovor  and  above  all  thoso  is  the  nervous  system 
(brain,  spinal  cord,  nerves),  tho  great  master  system   of  tho  bo 
which  presides  over,  controls,  and  regulates  tho  functions  of  tho 
other  systems 

If  we  proceed  still  further  on  our  anatomical  analysis,  and  take 
any  organ,  we  see  that  it  consists  of  various  textures,  or,  as  they  are 
called,  elementary  tissues.  Just  as  one's  garments  are  made  up  of 
textures  (cloth,  lining,  buttons,  etc.),  so  oach  organ  is  composed,  of 
corresponding    tissues.      Tho   ol  v    tissues  come   under   the 

following  four  headings: — 

1.  Epithelial  tissues.  3.  Muscular  tissues. 

2.  Connective  tissues  1    Nervous  tissues. 

Each  of  these  is  again  divisible  into  sub-groups. 

Suppose  we  continue  our  anatomical  analysis  still  farther,  we  find 
ih.it  tne  individual  tissues  are  built  up  of  stru<  inch  require 

the  microscope  for  their  accurate  study.  Just  as  the  textures  of  a 
garment  are  made  up  of  threads  of  various  kinds,  so  also  in  man  v  of 
tho  animal  tissues  we  find  threads  or  JUtrcs,  as  they  are  called.  But 
more  important  than  the  threads  aro  little  masses  of  living  material. 
Just  as  the  wall  of  a  house  is  made  up  of  bricks  united  by  cement,  so 
the  body  walls  are  built  of  extremely  minute  living  bricks,  united 
together  by  different  amounts  of  cementing  material  Each  one  of 
these  living  units  is  called  a  cell. 

Some  of  tho  tissues  already  enumerated  consist  of  cells  with  only 
very  little  cement  material  binding  them  together,  this,  for  instance, 
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is  seen  in  tho  epithelial  tissues;  but  In  other  tissues,  particularly  the 

connective  tissues  ire  not  so  eminently  living  as  the  rest,  tho 

amount  of  cement  or  intercellular  material  is  much  greater,  ami  in 

it  is  that  the  fibres  aro  developed  that 

necessary  strength   upon  these 

mg  tissues. 

If.  instead  of  ping  to  the  adult  animal, 
we  look  at  the  animal  in  its  earliest  stage  of 
development,  the  ovum,  Wt  Hud  that  it  con- 
sists  of  a  single  little  mass  of  living  material 
a  single  cell.  As  dovolopmont  progroBSOfl  it 
in  adherent  mass  of  oella.  Ln  the 
later  stages  of  development  various  tissues 
become  differentiated  from  aeon  other  by  the 
cells  becoming  grouped  in  different  ways,  by 
alterations  in  the  shape  of  the  cell*,  by  de- 
position of  intercellular  matter  between  the 
cells,  and  by  chemical  changes  in  tho  living 
matter  of  the  cells  themselves.  Thus  in 
some  situations  the  cells  are  grouped  into 
the  various  epithelial  linings ;  in  others  the 
cells  become  elongated  and  form  muscular  fibres ;  and  in  ethers,  as 
in  the  connective  tissues,  there  is  a  preponderating  amount  of  inter- 
cellular matorial  which  may  become  permeated  with  fibres,  or  be  tho 
seat  of  tl>  i (ion  of  calcareous  salts,  as  in  bone.     Instances  of 

I  I  smieal  <  hanges  in  the  cells  themselves  are 
seen  on  tho  surface  of  tho  body  whore  the 
supei filial  layers  of  the  epidermis 
horny ;  in  the  mucous  glands,  where  they  be- 
come filled  with' mucin,  and  in  adipose  tissue, 
where  they  Income  charged  with  fat 

The  term  cell  was  first  used  by  botanists; 

in  the  popular  sense  of  the  word  a  cell  is  a 

space  surrounded   by  a  wall,  as  the  cell  of  a 

:\j)£3  prison,  or  the  cell  of  a  honeycomb.     Tn  the 

etable  cell   there  is  a  wall  made  of  the 

starch-like   material  called  cellulose,  within 

this  is  tho  living  matter,  and  a  number  of 

large  Bpaces  or  vacuoles  filled  with  a  watery 

fluid.     Tho  use  of  the  term  cell  by  botanists 

was  therefore  completely  justified. 

t  the  animal  cell  is  different;  as  a  rule,  it  has  no  cell-wall,  and 

no  vacuoles.     It  is  just  a  little  naked  lump  of  living  material.     This 

living  material  is  jolly-like  in  consistency,  possessing  the  power  of 

•luent,  ami  the  name  protoplasm  has  been  bestowed  on  it 
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Somewhere  in  the  protoplasm  of  all  cells,  generally  near  the  middle 
in  animal  cells,  is  a  roundish  structure  of  more  solid  consistency  than 
the  rest  of  the  protoplasm,  called  the  nucleus. 

An  animal  cell  may  therefore  be  defined  as  a  mass  of  protoplasm 
containing  a  nucleus. 

The  simplest  animals,  like  the  amoebae,  consist  of  one  cell  only ; 
the  simplest  plants,  like  bacteria,  torulae,  etc.,  consist  of  one  cell  only. 


Flo.  8.— Amii'l*;  unicellular  animals. 


Fio.  4.— Cells  of  the  yeant 
plant  In  process  of  bud- 
ding ;  unicellular  planta. 


Such  organisms  are  called  unicellular.  In  the  progress  of  their 
life  history  the  cell  divides  into  two ;  and  the  two  new  cells  separate 
and  become  independent  organisms,  to  repeat  the  process  later  on. 

In  the  case  of  the  higher  animals  and  plants,  they  are  always  uni- 
cellular to  start  with,  but  on  dividing  and  subdividing  the  resulting 
cells  stick  together  and  subsequently  become  differentiated  and  altered 
in  the  manner  already  indicated.  In  spite  of  these  changes,  the 
variety  of  which  produces  the  great  complexity  of  the  adult  organism, 


Flo.  6. — Human  colourless  blood-corpuscle,  showing  its  successive  changes  of  ouUIne  within 
ten  minutes  when  kept  moist  on  a  warm  stage.    (SchoHald.) 

there  ure  certain  cells  which  still  retain  their  primitive  structure; 
notable  among  these  are  the  white  corpuscles  of  the  blood. 

It  would  appear  at  first  sight  an  easy  problem  to  distinguish 
between  a  living  thing,  and  one  which  is  not  living.  The  principal 
signs  of  life  are  the  following : — 

1.  Irritability ;  that  is  the  property  of  responding  by  some  change 
under  the  influence  of  an  external  agent  or  stimulus.  The  most  obvious 
of  these  changes  is  movement  (amoeboid  movement,  ciliary  movement, 
muscular  movement,  etc.). 

2.  Power  of  assimilation,  that  is,  ability  to  convert  into  protoplasm 
the  nutrient  material  or  food  which  is  ingested. 

3.  Power  of  growth ;  this  is  a  natural  consequence  of  the  power 
of  assimilation. 
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iwer  of  reproduction  ;  this  is  a  variety  of  grout h. 
Power  to  excrete ;  to  is  of 

i  activities 

It  should,  however,  bo  recognised  that  certain  oJ  ivo  char- 

acteristics may  be  absent  or  latent,  and  yet  the  object  Q  ay  be  living. 
For  instance,  power  of  movement  is  absent  in  many  vegetable  slruc- 
tures;  certain  seeds  and  spores  can  be  dried  and  kept  for  many 
in  an  apparently  dead  condition,  and  yi-t  will  sprout  and  grow  when 
placed  in  appropriate  surroundings. 

of  nil  the  signs  of  life,  inhered  2  and  o  in  the  foregoing 

table  are  the  most  essential.     Living  material  is  in  a  continual  stale 
of  unstable  chemical  equilibrium,  building  itself  up  on  the  one  band, 
breaking  down  on  the  other;  the  term  used  for  the  sum  total  of 
lntm~mo]ectUar  rearrangements  is  metabolism.    The  chemicai  Bttl 
toplasoi  whioh  are  the  mod  i  Erom  bhu 

j.oinr  of  view  are  the  QOttpfol  "it ZOgeZKXU  9  VOX  called  Pa 

So  far  as  is  at  present  known,  pxoteid  material  is  never  absent  from 

substance,  and  is  never  present  in  any  thing  else  but  that 
which  is  alive  or  has  been  tonne  1  bj  the  ftgenej  of  living  cells.  It 
may  therefore  be  stated  that  Proteid  Metabolism  is  the  most  essential 
characteristic  of  vitality. 
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THE   ANIMAL  CELL 


Am  animal  cell  is  usually  of  microscopic  dimensions,  in  the  human 
big  from  ..,',„  to  |  ,,"'„„  of  an  inch  in  diameter. 
It  consists  of — 

1.  Protoplasm,     This  makes  up  the  main  substance  of  the  cell. 

2.  Nucleus:  a  vosicular  body  within  tho  protoplasm,  gonorally 
situated  near  tho  centre  of  the  celL 

3.  Ceiitrosome  and  attraction  splurt:  these  aro  contained  within 
the  protoplasm,  Q6&S  the  nucleus. 

Thwe  three  portions  demand  separate  study. 


Protoplasm. 

Until  i  ire,  protoplasm  was  supposed  to  be  a  homogeneous 

:i)  entirely  dettitute  of  structure,  woofffa  generally  containing 

muni!-  |  a  of    nli,|  ri.MsisliMicy,  or  gli)luil«;s  (vacuoles)  COlltuininu 

a  wair.:  \  fluid. 

1 1  Ins  however,  now  been  shown  with  high  powers  of  the  mil  m- 
Chat  in  many  opIIs  the  protoplasm  consists  of  two  parts,  a  tine 


i  •  <qiuiuJ«»bQ»uigthelntivceUuHrB^»ort,  Midlw^nudelwUbuitim- 

ir  network. 
■i  blixxl-corpiKcle  of  aowt  »bow  :  111  nit  work  Of  ttbrfbk     Alio  oral 

:-n»ounitR*  irme  ami  Qu«  Intn-Dodmi  t*i»ork  uf  nbrll*.     x  800. 

(Klein  ktitl  Noble  Son 

•  rk  of  lilirill;i-  in  '.vlu'ili  tin-  mere  llui.l  and  apparently  stnicturv- 
loss  portion  of  the  protoplasm  is  contained.     (See  figs.  2  and  G.) 
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The  network  or  spongework  is  called  the  reticulum  or  spongic- 
plasm,  and  the  ntoro  fluid  portion  in  its  meshes  the  enchylemu 
hyaloplasm. 

In  order  to  study  the  microscopic  structure  of  such  transparent  objects  as 
cells,  it  is  nreessary  to  have  recourse  to  various  im-thods  of  fixing  .mil  stain- 
in;.'.  Win  ii  one  sees  certain  ■ppeaianc*  I  rolls,  the 
lion  arises  whether  they  maj  not  l»c  due  to  the  action  tk  the  reagents 
employed  Appearance*  which  an  nndoobl  d  artificially  in  this  Bray 
arc  generally  spoken  of  as  at                the  network  ml    1 

tome  observers  as  an  artifact,  but  it  is   impossible  at   present  to  state  tins  pusi- 

Hardv,  in    d  irtii  uliir.  has  shown   that  a   tilm   pi   any  colloidal  substance 

like   (.'rlitni    will,  when  present   the  appearance   of  a   ttutwotk,    ind    he 

rejrards  it  as  probable  that  the  network  sees   W   ceflfl  may  be   due   to   a  similar 

oik  or  coagulation   of   th<    proto|  ■h  ocean   <Wn  r  when  the  i,  ii 

dies,  or  is   rued    by  hardening  reagents.     Butschli  n  be  spunginplasm  as 

the  optical  effect  of  a  honeycomb  or  froth-like  structure.     Then;  are  numerous 
other  views. 

The  granules  in  protoplasm  are  partly  thickened  portions  of  tho 
spongioplasm,  hut  in  addition  to  this  iho.ro  appear  to  be  fret 
s,  some  fatty  in  nature  (staining  black  with  osmic  add), 
some  composed  of  the  substance  called  glycogen  or  animal  Match 
(staining  reddish-brown  with  iodine),  and  sometimes  in  a  few 
unicellular  animals  they  consist  of  inorganic  (calcareous)  matter. 
But  by  far  the  most  constant  and  abundant  of  the  granules  are  like 
the    main  substance  of    the  lasm,  proteid  or   albuminous    in 

ooiii  In  all  probability  the   proteid  granules  are  actual 

constituents  of  the  protoplasm.     Substances  .  ithin  the  proto- 

plasm, like  pigment  granules,  fat  globules,  Buid  in  vacuoles,  and 
glycogen,  are  i  of  as  all-contents  or  paraplasm. 

Tho  chemical  structure  of  protoplasm  can  only  bo  investigated 
after  the  protoplasm  has  been  killed.  The  substances  it  yields  are 
(1)  Water:  protoplasm  is  semiiluid,  and  at  least  three  ;  of 

its  weight,  often  more,  are  dm  to  water.  (2)  Proteids.  These  are 
the  most  constant  and  abundant  of  the  solids  A  proteid  or 
albuminous  substance  consists  of  carbon,  hydrogen,  nitrogen,  <>\y 
with  sulphur  and  phosphorus  in  small  quantities  only.  In  nunlein,  a 
proteid-like  substance  found  in  the  nuclei  of  cells,  phosphorus  is 
more  abundant.  Tho  proteid  obtained  in  greatest  abundance  in  the 
cell  protoplasm  is  called  a  nuclco -proteid:  that  is  to  say,  it  is  a 
compound  containing  varying  amounts  of  this  material  nucloin  with 
proteid.     White  of  egg  is  a   I  «»f  an  albuminous 

sulwtance  0  1  the  fact  (which  Is  alao  familiar)  that  this 

sets  into  a  solid  on  boiling  will  serve  as  a  reminder  that  the  greater 
number  of  the  proteids  found  in  nature  have  a  similar  tendency  to 
coagulate  under  the  influence  of  heat  and  other  agencies.  (3) 
Various  othor  substances  occur  in  smaller  proportions,  the  most  con- 
stant of    which    are  lecithin,    a    phosphorised    fat;   choleeterin,  a 
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monatomic  alcohol ;  and  inorganic  salts,  especially  phosphates  and 
chlorides  of  calcium,  sodium,  and  potassium. 

The  large  quantity  of  water  present  should  be  particularly  noted ; 
the  student  when  first  shown  diagrams  of  the  reticulum  in  proto- 
plasm is  apt  to  imagine  that  it  consists  of  a  firm  solid,  like  a  system 
of  wires  pervading  a  jelly.  The  reticulum  is  only  slightly  more  solid 
than  the  hyaloplasm. 

The  Nucleus. 

In  form  the  nucleus  is  generally  round  or  oval,  but  it  may  have 
in  some  cases  an  irregular  shape,  and  in  other  cases  thsre  may  be 
more  than  one  nucleus  in  a  celL 

The  nucleus  exercises  a  controlling  influence  over  the  nutrition 
and  subdivision  of  the  cell ;  any  portion  of  a  cell  cut  off  from  the 
nucleus  undergoes  degenerative  changes. 

A  nucleus  consists  of  four  parts — 

1.  The  nuclear  membrane,  which  encloses  it. 

2.  A  network  of  fibres  in  appearance  like  the  spongioplasm  of  the 

protoplasm  but  on  a  larger  scale ;  that  is  to  say,  the  threads 
of  which  it  is  composed  are  much  coarser  and  much  more 
readily  seen.  The  name  chromoplasm  has  been  given  to 
this  network. 

3.  The  nuclear  sap  or  matrix,  a   more   fluid  and  homogeneous 

substance  which  occupies  the  interstices  of  the  spongework 

of  chromoplasm. 
4  Nucleoli ;  these  are  of  two  principal  varieties ;  some  are  knots 

or  thickened  portions  of  the  network  (pseudo-  nucleoli),  and 

others,  the  true  nucleoli,  float  freely  in  the  nuclear  sap. 
These  four  parts  of  the  nucleus  are  represented   in  the  next 
diagram. 


Nolo  of  network 


Node  of  network 


uclear  membrane. 
— Nucleolus. 

Nuclear  matrix. 

""Nuclear  network. 


Fin.  7. — The  resting  nucleus — diagrammatic.    (Waldeyer.) 


The  next  figure  (fig.  8)  gives  a  view  of  the  nucleus,  according  to 
the  researches  of  Rabl.  Ho  considers  that  the  fibres  of  the  network 
may  be  divided  into  thick  fibres  which  he  terms  primary,  and  thinner 
connecting  branches  which  he  terms  secondary  (shown  only  on  the 
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i»J»t.    p.cj  ,  primary  chromatic  illa- 

lai ;  a  cw.,  nodi  of  irmh- 

irurk.     (IUM.) 


right-hand  aide  of  tho  figure),     This  observer  ftl>0  IQjppOMe  that  the 
primary  fibres  havo  the  looped  arrangement,  depicted  ill  i\  e  diagram. 
In  the  Investigation  of  ruicroecopic  objects,  h  histologut  is  nearly 
always  ol  use  staining  agents;  the  extremely  tl,  •(.«  he 

examines  are  10  transparent  that,  without  such  stains,  much  of  the 
structure   would    be    invisible.     If 
stK-h    dyes    as    (Hematoxylin 

■.in    are    employed,    it     is    tho 

la  wiiiih  bo  'i.  deeply 

stained,  and  thus  stands  nut  on  the 

lighter   background  of    the  proto- 

But  the  whole  nucleus  does  not 
stain  equally  deeply;  it  is  tho 
ihiomuphismie  filaments  and  the 
nucleoli  which  have  most  »' 
for  tho  stain,  while  tho  nuclear  sap 
is  comparatively  unaffected.  Heme  the  terms  chromatin  and  achro- 
matin  originally  introduced  by  Fleming.  The  membrane,  the  net- 
work, ami  the  nucleoli  are  composed  of  chromatic  substance  or 
i  alin;  it  is  so  called  not  because  it  has  any  colour  in  tho 
natural  state,  but  because  it  has  an  ailinity  for  colours  artificially 
I  to  it.  For  a  corresponding  reason,  achromatin  or  achro- 
matic substance  is  the  name  given  to  the  substances 
which  make  up  tin  nuclear  sap. 

Balbiani  showed  tliut  the  chromoplasmie  filaments  are 
lv  mirked  into  idtcroatt*  dork  and  light 
hands;  this  is  du<-  to  the  existence  of  minute  highly  refracting 
particles  imbedded  in  regular  series  in  ■  clear  hrrwyi 
ami  unstafnabic  matrix  [see  tig  0).  The  torn  uh§omiMtin  should 
properly  be  restricted  to  these  particles.  These  particles  have 
affinity  for  baric  djes  like  methyl  green,  and  sofr..ini. 

Coming  next  to  the  chemical  composition  of  tho 
us,  it,  is  found  bo  consist  principally  i>f  px 
and   proteid-like   substances.     The    nuclei   of   cells 
may    be    obtained    by    sul  the    cells   to    the 

action  of  artificial  gastric  juice;  the  protoplasm  is 
nearly  entirely  dissolved,  but  the  nuclei  resist  the 
solvent  action  of  the  juice.  No  doubt  the  nuclei  contain  several 
chemical  compounds,  but  the  only  one  of  which  wo  have  any  accu- 
rate knowledgo  has  been  termed  nuclein,  and  this  is  identical  with 
the  substance  called  chromatin  by  histologists.  It  is  soluble  in 
alkalis,  but  precipitated  by  acids ;  it  is  differeut  from  a  proteid,  as  it 
contains  in  addition  to  carbon,  nitrogen,  oxygen,  hydrogen,  and  sul- 
phur, an  enormous  quantity  (7  to  8  per  cent,  or  even  more)  of  phos- 
phorus in  its  molecule.     In  many  cases  nucloins  contain  iron  also. 
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The  Attraction  Sphere. 

Recent  research  has  shown  that,  in  addition  to  the  nucleus  and 
protoplasm,  most  if  not  all  living  cells  contain  another  structure ;  it 
consists  of  a  minute  particle  called  a  "centrosome,"  which  has  an 
attractive  influence  on  protoplasmic  fibrils  and  granules  in  its 
neighbourhood,  the  whole  appearance  produced  being  called  an 
attraction  sphere  (fig.  10). 


FlC,  10.— A  coll  (white  blood-<»r- 
puscle)  hIiuwIiik  It*  attraction 
itpliore.  In  thin,  a*  In  moat 
cam-*,  the  attraction  sphere  lies 
near  the  nucloua.    (Hcliafer.) 


Fki.  11. — Oram  of  the  worm  Ascaris, 
Hhowlng  a  twin  attraction  sphere. 
The  nucleus  with  its  contorted 
filament  of  chromoplaam  is  repre- 
sented, bat  the  protoplasm  of 
the  cell  is  not  filled  in.  (r. 
Beneden.) 


It  is  most  prominent  in  cells  which  are  dividing  or  about  to 
divide.  The  centrosome,  and  then  the  attraction  sphere,  become 
double  (fig.  11).  In  all  probability  the  centrosome  gives  the  primary 
impulse  to  cell-division.  Some  cells,  like  the  giant  cells  of  red 
marrow,  contain  numerous  centrosomes. 


Protoplasmic  Movement. 

A  cell  possesses  the  power  of  breathing,  that  is,  taking  in  oxygen ; 
of  nutrition,  of  building  itself  up  from  food  materials ;  and  of  excre- 
tion, or  the  getting  rid  of  waste  material.  But  the  most  obvious 
physiological  characteristic  •  of  most  cells  is  their  power  of  move- 
ment. 

When  an  amoeba  is  observed  with  a  high  power  of  the  micro- 
scope, it  is  found  to  consist  of  an  irregular  mass  of  protoplasm  con- 
taining one  or  more  nuclei,  the  protoplasm  itself  being  more  or  less 
granular  and  vacuolated.  If  watched  for  a  minute  or  two,  an 
irregular  projection  is  seen  to  be  gradually  thrust  out  from  the  main 
body  and  retracted ;  a  second  mass  is  then  protruded  in  another 
direction,  and  gradually  the  whole  protoplasmic  substance  is,  as  it 
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:t.  The  Amesta  thus  comes  to  0 
position,  and  when  this  is  rt'ixxitcd  several  times  we  ha 
in  a  definite  direction,  together  with  a  r  uige  of   form 

These  m<  w\       beerved  in  other 

cells,  such  as  thu  colourless  blood-cor- 
puscles  of  higher  animals  (fig.  13\  in  the 
branched  corneal  cells  of  the.  I 
elsewhere,  are  hence  termed  amaloul. 
The  projection*  which  are  alternately 
oded  and  retracted  are  called  pseudo- 
podia.  i..-Aimet«. 

A  streami.  Blent  Lb  not  infre- 

quently seen  in  certain  of  tl»o  protozoal  in  which   the  mass  of 

ism  extendi  long  and  fine  processes,  themselves  very  littlo 
movable,  but  upon  the  surface  of  which  freely-moving  or  stream- 
granules  are  seen.     A  gliding  movement  has  also  neon  noticed 

Fio.  13.— Human  eotourtaa*  bi>  -«Jvr  rUaarra  of  out  Una  »1lhUi  ten 

H>iii>it'-«  "iirn  i  ■  it  warm  Ktagp.    (BdiC*' 

in  certuin  animal  cells  ;  the  motile  part  of  the  cell  is  composed  of 

ling  b  contra]  and  nose  ootnpaot  mass;  by  n 
of  the  free  movement  of   this  layer,  the  coll  may  be  observ 
i   along. 
In  vegetable  cells  the  protoplasmic  movement  can  be  well  seen 


J^L 


.      ;ir'ibi|.l».:n 

ooeloilnx  a  Urgr  u»*I  nuclwia,  wlUi  om  or  Don  nucleoli. 
(h.)  Olilw  Mia  from  *»m*  plant,  ihowing  dlitu  -vill  an<l  varnnlittloo  of  proto- 

flum. 

in  the  hairs  of  the  stinging -net  tie  and  Tradoscautia  and  tho  cells  of 
Vallisneria  and  Cham  ;  it  is  marked  by  the  movement  of  the  granules 
uearly  always  imbedded  in  it.  For  example,  if  part  of  a  hair  of 
Tradescantia  (fig.  15)  be  viowod   under  a  high    magnifying   power, 


"f  Trmilj«c»!itU  drawn  »t  vat* 

oaaaivc  inUTvaU  of  two  minute*.     The  cell- 

I  »ti-ntr»l  m«.u  connected 

to  ■  peripteral 

x  vacuolated  ma*» 

ch  is«vi,tliiu«ll)-c-li»iniiij5 
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streams  of  protoplasm  con  f  grunu.t  nig  along, 

like  the  foot-passengers  ID  a  busy  street,  aro  scon  flowing  steadily  in 
definite  directions,  lureing 

round  1.1  io  film  which  lines  the 
interior  of  the  rftll-wall,  and  others 
Bowing  towards  or  away  from  the 
irregular  mass  in  tho  vontru  of  the 
cell-cavity.    Many  of  these  ativa  EDI 

of  protoplasm  run   together  into 

larger  ones  and  are  lost  in  ilir 
ral  mass,  and  thus  ceasoless 
variations  of  form  are  produced. 
Tin  movement  of  the  protoplasmic 
granules  to  or  from  tho  peri- 
phery is  sometimes  called  vege- 
table circulation,  whereas  the 
movement  of  tho  protoplasm  round  the  interior  of  tho  oell  is  called 
rotation. 

The  first  account  of  the  movement  of  protoplasm  was  given  by 

1  in  1755,  as  Meaning  in  a  small 
Proteus,  probably  a  large  freshwater 
amoeba,  llis  description  was  followed 
twenty  years  later  by  OoTti'fl  demonstra- 
tion of  the  rotation  o!  the  oell  aap  in 
Characere,  and  in  the  earlier  part  of  last 
century   \>y  Merer  In   \  .,  1827, 

and  by  Robert  ,  1831,  in  "  Stamina! 

B  of  Tradesman  tin."  Then  came  Du- 
n's description  of  the  granular  stream- 
in  the  peeudopodia  of  Iihizopods; 
movements  iu  other  animal  culls  were 
described  somewhat  later  (Planarian  eggs,' 
v,  Siebold,  1841;  colourless  blood-cor- 
puscles,  Wharton  Janet,  1846). 

Tin  re  ifl  no  doubt  that  the  proto- 
plasmic movement  is  essentially  the  same 
thing  in  both  animal  and  vegetable  eel  Is. 
But  in  vegetable  cells  the  cell-wall  obi 
the  movement  io  ooour  in  the  interior, 
while  in  the  naked  animal  cells  the  move- 
ment   results    in    an    external    change  of 

f'l!  . 

Although  the  movements  of  amoeboid  cells  may  be  loosely  de- 
scribed as  spontaneous,  yet  they  aro  produced  and  increased 
the  action  of  external  agencies  which  excite  them,  and  which  are 
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therefore  called stimuli,  and  if  die  movement  has  ceased  for  the  time. 

as  is  the  case  if  the  temperature  is  lowered  beyond  a  certain  point, 

movement  may  be  set  up  bj  raising  the  temperature.    Again,  contact 

foreign  bode  lo  pressure,  certain  salts,  sna  electricity, 

produce  M  increase  the  I  t  in  the  amoeba.     The  protoplasm 

•  irofore,  sensitive  or  irritable  to  stimuli,  and  BDOWS  ...bility 

movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  further 
detailed  : — 

a.  Changes  of  temperature. — Moderate  heat  acts  as  a  stimulant: 
ie  movement  stops   when    the  temperature  is  lowered  near   the 

freezing-point  or  raised  above  40:  0.  (104°  F.);  l>etween  these  two 
increase  in  activity ;  the  optimum  temperature 
is  about  87  to  38'  C.  Though  cold  stops  the  movement  of  proto- 
plasm, exposure  to  a  temperature  even  below  0"  C.  does  not  prevent 
its  reappearance  if  the  temperature  is  raised;  on  the  other  hand, 
•nged  exposure  to  a  temperature  of  42  -45  C.  altogether  kills  the 
)topfasm  and  causes  it  to  outer  into  a  condition  of  coagulation  or 
-.  We  have  already  seen  that  protoids,  the  most  ebon (feat 
constituents  of  protoplasm,  are  coagulated  by  heat. 

b.  Chemical  stimuli. — Distilled  water  first  stimulates  then  BtOpfl 
amoelh.ii l  movement,  for  by  imbibition  it  causes  great  swelling  and 
finally  banting  of  tho  cells.  In  some  cases,  however  (nivxomyoetes), 
pruU.plasm  can  bo  almost  entirely  dried  up,  but  remains  capable  of 

snewing  its  movement  when  again  moistened.  Dilute  salt  solution 
and  very  dilute  alkalis  stimulate  the  movements  temporarily.  Acids 
or  strong  alkalis  permanently  Btop  tho  movements :  ether,  chloroform, 
veratrine  and  40110110  also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
jid,  and  resumed  on  the  admission  of  air  or  oxygen ;  complete  wnh- 
Irawal  of  oxygen  will  after  a  time  kill  protoplasm. 
ft  Electrical. — Weak  currents  stimulate  tho 
lucnt.    while    strong    currents    cause    tho 
cells  to  assumu  a  spherical  form  and  to  l> 
mm: 

The  amoeboid  movements  tA  the  colourless 

; .soles  of   the  blood   m.iv  be   readily  seen 

a  drop  of  blood  from  the  finger  is  mixed 

with    salt    BolatioOj    and  examined  on  a  warm 

Stage  with  the  microscope.     If  a  psuudopodium 

of  such  a  corpuscle  is  observed  nodes  a  high 

jwor.  it  will  bo  seen  to  consist  of  hyalop. 
which  has  flowed  out  of  its  spongy  home,  the 
reticulum.     Later,  however,  a  portion  of  the  reticular  part  of   the 
protoplasm  may  enter  the  pseudopodium.     The  cells  may  be  fixed 
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by  a  jot  of  steam  allowed  to  play  for  a  moment   on  tho  surface 
of  tl     i      'i'  glass.     Tho  next  figure  illustratee  one  fixed  in  this 

wav. 

al  act  in  the  protrusion  of  a  pseudopodium  is  the 
flowing  of  the  hyaloplasm  out  of  the  spongioplasm ;  the  retraction 
of  tho  pseudopodium  is  a  return  of  the  hyaloplasm  to  the  spongio- 
plasm. The  Bpongioplasm  lias  an  irregular  arrangement  with  open- 
ings in  all  directions,  so  that  tho  contractility  of  undifferentiated  cells 
may  exhibit  itself  towards  any  joint  of  the  compass. 

'I in-  relation  ■■[  cdla  to  various  forms  of  stimulus  lias  been  reoaotly 

extensively  studied.     Various   forms  of  unto  lliilir  organisms  bare  been  Died  in 
Ih.  s.    i-x]h  rum  nts.  ini.l  the  stimuli  employed  have  been  cht-mu-.il,  thermal,  light 

rr<  uts,  and  SO  forth.     If  tin-  cell  moves  towards  the  W 
ill'   Lord  /•".-'  ployed  i  if  it  is  rej>ell<-d,  aaonffsn  faae*    Tho  words, 

clicmo-Uixis.   llnrino-t.ixi.s.   pOOtD-taxifl,  gall  .   iodi.iite    tin     kind    of 

stimulus  investigated. 

Cell  Division. 

A  cell  multiplies  by    dividing  into   two;    each    remains   a*. 
in    the    resting   or,    more    correctly,    non-dividing   condition,    hut 
biter  it  grows   and   subdivides,  and  the  process  may  be  repeated 
indefinitely. 

Tli'  supreme  importaoee  of  tho  cell,  the  growth  of  tho  body  from 
m«i  the  fact  that  (alls  are  the  living  units  of  tlio  organism, 
were  first  established  in  tho  vegetable  world  by  Schleiden,  and 
extended  bo  the  animal  kingdom  by  Theodor  Schwann.  The  ideas 
of  physiologists  depending  on  this  idea  are  grouped  together  as 
cellular  physiology,  which  under  :  lance  of  Virchow  was  ex- 

i  to  pathology  also:  Virchow  expressed  the  doctrine  now  so 
familiar  as  to  bo  almost  a  truiBm  in  tho  torse  phrase  omnis  cdlula  e 
cellula  (every  oeU  Erom  a  coll). 

The  division  of  e  cell  is  preceded  by  division  of  its  nucleus. 
Nuclear  division  may  bo  either  (1)  simp/c  or  direct,  which  consists  in 
the  simple  exact  division  of  the  nucleus  into  two  equal  parts  by  con- 
striction in  the  centre,  which  may  have  been  preceded  by  division  of 
the  nucleoli ;  or  (2)  indirect,  which  consists  in  a  series  of  changes 
which  gues  on  in  the  arrangement  of  the  nuclear  reticulum,  resulting 
10  exact  division  of  the  chromatic  fil  o  two  parte,  which 

i  the  i  liiiimnj'l.iMii  of  tho  daughter  nuclei. 

The  changes  in  the  nucleus  during  indirect  division  constitute 
karyokinesis  {ni'ipum,  a  kernel),  or  mitosis  (/u/tofi  a  thread),  and 
direct  division  is  called  amitotic  or  akinetic  (mvqviCi  movement).  It 
is  now  believed  that  the  mitotic  nuclear  division  is  all  but,  though 
not  quite,  universal.  Somewhat  difforont  accounts  of  the  stages  of 
the  nuclear  division  have  been  given  by  different  authorities,  u< 
ing  to  the  kind  of  cell  in  whieh   the  nuclear  changes   have  been 


2.  The  8pirein  or  skein  stage :  the  nucleoli  dissolve,  the  socondury 
fibres  disappear,  and  the  primary  loops  running  from  polar  to  anli- 
polar  regions  remain  (figs.  8,  20).  En 
some  cells  there  is  at  first  one  long, 
much  twister!  thread,  which  subse- 
quently breaks  up  into  segments.  The 
loops  are  called  chromosomes. 

3.  Each  loop  becomes  less  convo- 
luted ami  .splits  longitoduiaUj  Into  two 
sister  threads,  and  the  achromatic 
spindle  appears  (fig.  21,  a  and  is). 

4.  The  equatorial  stage;  monaster. 
The  nucleus  has  now  two  poles,  those 
of  the  spindle;  and  at  each  pole  there  is  a  polar  corpusclo  or  centro- 


-  i.f. 


:    .:  >     DOOdlUOfl   of  Uik    xknln 
kUK«tirwMl»illic|Ktlar«nii. 
kwfwdclirtiiiutivaianwcu   «./.,lrro- 
jnif»r  |jl»nwnt.    (lUbl.) 


some.     The  division  of  the  ceutrosomo  of  the  original  cell,  and  thon 
of  the  attraction   sphere  into  two,  usually  precedes  the  commenco- 

A  D 

Achromatic  »r-lr»lli>  • 


>'■■;.  :2.-Moo*»loriUg»ofk*ryoklnMta. 


i     -LaVToondltlonofUic  ikaia  "UOT  in  k»rjokIo»*U.     ».  Tlio  t>ik-k<T  primary  lUirM  or  uhnmio- 
■  t«M-.-imp  li\»i  (Yim  ptodto  BDMUS.     o.  The  ebromuaamm  iptit  into 

t»o  »n-l  ttu  nehiMMtfa  ■pladla  tecornon  loagltiMltnkl.    ( w»;.i 

ment  of  changes  in  the  nucleus;  the  two  attraction  Bpheres  become 

prominent  in  cell  division,  and  the 

connecting  achromatic  spindle  is 

probably  also  formed  from  thorn 

or  from  tho  achromatic  matorial 

of  tho  nucleus. 

At    this    stage   the    nuclear 

membrane  in  Inst,,  and   thofl  coll 

protoplasm      and     nuclear      sap 

become    continuous;   the   proto- 
plasm   immediately  around   the 

nucleus  is  clear;  outside  this  is 

a  granular  zone,  and   here   the 

granules  are    arranged    radially 

From  the  polar  corpuscles.    Tbfl 

star-like  arrangement  of  these  granules  is  much  better  marked  in 

embryonic  cells,  indeed  tho 
linos  present  very  much  the 
appearance  of  fibrils  (see  fig. 
23). 

The  V-shaped  chromosomes 
sink  to  the  equator  of  the 
spindle,  and  arrange  them- 
selves so  as  to  project  hori- 
zontally from  it. 

In  cells  which  are  the  re- 
sult of  the  sexual  process, 
the  number  of  chromosomes  is 
always  even,  an  equal  number 
being  contributed  by  each  sex. 
The  number  of  chromo- 
somes varies  with  the  species 

from  four  to  twenty-four;  in  man  the  number  is  sixteen. 


/■ .'.  i ../. 
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H,  —Ovum  of  llio  wurtu  JU  f   . ;  •. . 

Urtn.     Ili»  attructl-in  *|>tiore*  arr  at  oppoxltr  aadf 
ofUMOTma  .  ''>t'>r  of  (lit-  ■puidle  which 

UnltH  'i'JIIM«»r»»rrn.   TlirpTOLn- 

[•l.uui  OftlM  .'KB  the  •qaatori*!  aonaof 

th«r«ll.U»rr»in:oi  in  linc*rft..HailiiKfrvm  Umowilro 
(Cfntroaorofl)  of  thn  attraction  iphrrr.    («  . 
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o.  Tht  stage  of  metakitusis.  The  sister  threads  separate,  one  set 
going  towards  ono  polo,  and  tho  other  to  the  other  pole  of  the  spindle 
(fig.  24) :  those  form  the  two  daughter  nuclei  The  chromosomes  are 
probably  puJlod  into  their  now  position  by  the  contraction  of  the 
spindle  fibres  attached  to  them. 

6.  Each  daughter  nucleus  goes  backwards  through  the  same  series 


1 1 

fllair.ewU. 


-     «.  K»rlj  it***,    b.  Ulwiujf.    c.  UUartJMtfr-fQnnHkrDoMJMUr.    o.  vtd 
0.  »1>jw  iiow  Die  «(*lor  Ihrawls  dlMoUagl*  ttiraiMlveo  from  one  uulbnr.    (Waldi 

of  changes ;  the  diaster  or  double  star  is  followed  by  the  dispirem  or 
double  skein,  until  at  last  two  resting  nuclei  are  obtained  (rig.  25). 

A  new  membrane  forms  around  each  daughtor  nucleus,  tho  spindle 

atrophica,  and  the  attraction  spharo  becomes  loss  pr<jm incut.     Tho 

division  of  tho  cell  protoplasm  into  two  parts  around  the  two  nuclei 

in  the  diaster  stage,  and  is  complete  in  the  stagti  teujeerjuted 

25. 

B«mIm  Of  kpiuiib-. 


Lint  of  mtnUon  of  lb*  ._3 

Iwocrlli. 

Anlijpute     or     drajhter. 


i  .if  llir 

-*    nucha*. 


I  |;fOM(iU«lri. 

BOM 


fn.  Vk— Final  «*£f»  of  knyoklj**!'  ■  r  nuclei)*  Uie  chanc*  are  *flll   mora 


The  karvokiiiHtic  process  has  !■     ■  lie  !    m   all  its  stages  by 

more  than  one  obs^rv-or.     Tin ■  I  1  varies  from  half  an  lour 

.s;  tho  details,  howr  odied  in  hardened 

ami  tppt                               Bpedmana  They  are  most  readily  seen 

in  colls  with  large  nuclei,  such  as  occur  in  the  epidermis  of 
amphibians. 

The  process  varies  a  good  deal  in  different  animal  and  vegetable 


THR   ANIMAL   i 


[OR  II. 


•kh  OB  Rl 


Skein  «>r  Smu 


cells;  such  as  in  tho  nuinbai  of  chromosomes,  and  the  relative 
importance  of  I  lie  different  stages.  All  attempted  here  has  been 
to  give  an  account  uf  a  typical  ease.     'J  s  may  l>e  summarised 

in  a  tabular  way  as  follows  (from  "Quain's  Anatomy"): — 

].  Resting  condition  of  mother  nucku-. 
I  fig 

!2.  Close  ski  in  of  fine  convoluti-d  filaments 
(fig.  20). 
8.  Open  skein  of  thicker  filaments.    Spindle 
appear-  (fig.  'Ji  a). 

4.  Movement  uf  V -shaped  chromosomes 
to  middle  of  nu.i.us.  and  eneh  splits 
into  two  lister  tlirend>  fiiif.  SI  n> 

."■  Slcdulc  njnnsnmeol  ol  V  Bt— 1— **  at 
equator  of  spindle  (fig. 

6.  Separation  of  eleft  filaments  mid  too 
men!  ..long  Bbres  of  spindle  (fig.  24  a 
it  nd  m). 

7.  Convcyanee  of  V  fil<iinriiK  tOWttdt  poles 
of  spindle  (fig.  M  r). 

( 8.  Open  skein  In  daughter  nuclei. 

i       i  lose  .kein  in  anughtef  nuclei  (fig.  SB\ 
ng  condition   of  daughter  nuclei 

(tig-  »). 
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Si  aii  OS   MoVASTM    . 
I)ivKn«>ENcx  on  Mktakimms 

Doi  'IH.E    StaII    01    Dl  AFTER 

Doibj.e  Skein  ok  Dimiiiem 
Network  ot  Bcnci  uw  ■ 


The  Ovum. 

The  ovary  is  an  organ  which  produces  ov&- 

An  ovum  is  a  simple  animal  cell  ;  its  parts  aro  soon  in  tho  next 
diagram. 

It  is  enclosed  in  a  membrane  called  the  zona  pellucida  or  vitelline 
membrane.     Tho  body  of  tho  coll  is  composed  of  protoplasm  loaded 


—  StttUni  or  gtnhfss]  veatete. 

-  —  Xuclf.il'n  or  SjBUdsal  Spot. 

N   Inn    by  rouacttoo  of 

4»U1. 

__I*pj-  '  tilling  yoiv 

<;>li«rulai. 


.  Vitelline  in*nibr»nB. 


FlQ.  St.— Ropr«MiUi.|Mi  (CBjaUst.) 

with  granules  of  food  material,  called  the  yolk  or  vitollus  The 
nucleus  and  nucleolus  are  sometimes  still  called  by  their  old  names. 
germinal  vesicle  and  germinal  spot  respectively.  The  attraction  spl  n  u  B 
18  not  shown  in  the  diagram. 

Tho  formation  of  ova  will  form  the  subject  of  a  chapter  later  on, 
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bat  it  is  convenient  hero  at  the  outset  to  Btatc  briefly  one  or  two 
facta,  and  introduce  to  the  6tudent  a  few  terms  which  we  shall  have 
to  employ  frequently  in  the  intervening  chapters. 

The  ovum  first  discharges  from  its  interior  a  portion  of  its 
nucleus,  which  forms  two  little  globules  upon  it  called  the  polar 
"lea. 

Fertilisation  then  occurs;  that  is  to  say.  the  head  or  nucleus  of 
ie  cell  called  a  spermatozoon  penetrates  into  the  ovum,  and 
becomes  fused  with  the  remains  *.f  the  female  nucleus. 

Cell  division  or  segmentation  then  begins,  and  the  early  stages 
are  represented  in  the  next  figure. 

Fluid  discharged  from  the  cells  accumulates  within  tho  interior 
of  the  mulberry  mass  seen  in  fig.  27  d,  and  later,  if  a  section  is  cut 
through  it,  the  cells  will  bo  found  arranged  in  three  layora 

The  outermost  layer  is  callod  the  epiblaat. 

The  middle  layer  is  called  the  ineaoblaat. 

The  innermost  layer  is  called  the  hypoblast. 

From  these  three  layers  the  growth  of  the  rest  of  the  body  occurs, 


iMKnunu-f  an  vinm(<0  uiulrtyidn}.'  Mgmra  Ut  km .     In  ((■)  it  lia*  dl»ld«l  Into  twu.  In  (i 
tow;  tod  la  (d)  the  proor.vt  ha>  reanlud  In  the  production  or  the  acxallod  "mulberry -mam.' 

material  ^being  derived  from  the  mother  in  mammals  by 
means  of  an  organ  called  the  placenta. 

The  epiblast,  the  outermost  layer  of  the  embryo,  forms  the  epi- 
dermis, the  outermost  layer  of  the  adult.  It  also  forms  the  nervous 
system. 

The  hypoblast,  the  innermost  layer  of  the  embryo,  forms  the 
lining  epithelium  of  the  alimentary  (except  that  of  the  mouth  and 
anus  which  are  involutions  from  the  epiblest)  and  respiratory  tracts, 
that  is,  the  innermost  layer  of  the  adult.  It  also  forms  the  cellular 
elements  in  the  lai  glands,  such  as  the  liver  and  pancreas, 

which  are  originally,  like  tho  lungs,  outgrowths  from  the  primitive 
digestive  tube. 

The  mcscblast  forms  the  remainder,  that  is,  the  great  bulk  of  the 
body,  including  the  muscular,  osseous,  and  other  connective  tissues ; 
the  circulatory  and  urino-gonital  systems. 


The  olemontary  tissues  of  which  tho  oraUM  of  bhe   b"  built 

up  may  1*3  arranged  into  four  gr  Elective,  muscular. 

mid   nervous.      Tin-   first  nf   these,   the  epithelial   tissues,   EoUowe 
naturally  on  a  study  of  the  animal  cell,  h  an  epi&eUan  m 
defined  as  a  tissue  composftd  ontimly  of  cells  united  bj  B  mi] 
IBKninl  of  cementing  material.     As  a  rulo,  an  epithelium  is  spread 
out  as  a  membrane  covering  a  surface  or  lining  the  cavity  of  a  hollow 
organ. 

These  epithelia  may  he  grouped  into  two  great  classes,  each  of 
which  may  be  again  subdivided  according  to  the  shape  and  arrange- 
ment of  the  colls  of  which  it  is  con  The  following  table 
tho  principal  varieties: — 

Cr.AS8  1. — Simple  epilfi-clium ;  that  is,  an  epithelium  oonsiftl 
of  one  layer  of  cells  only.     Its  subgroups  are  as  follows: — 

a.  Pavement  epithelium. 

b.  Cubical  and  columnar  epithelium. 

c.  Ciliated  epithelium. 

Class  2. — Compound  epiihelium;  that  is,  an  epithelium  consist- 
ing of  more  than  ono  layer  of  colls.     Its  subgroups  are  as  follows: — 

a.  Transitional  opithalium. 

b.  Stratifi'il  epitneliunL 

This  classification  does  not  include  the  more  specialised  forms  of 
epithelium  found  in  secreting  glands,  or  in  the  sense  orgauB,  uor 
structures  like  hair,  and  enamel  of  tooth,  which  are  epithelial  in 
origin.     Those  will  bo  considered  in  their  proper  place  later  on. 

Pavement  Epithelium 

This  consists  of  a  layer  of  thin  cells,  arranged  like  flat  pavement- 
stones  accurately  fitting  together  and  united  by  a  small  amount  of 
cementing  material.  Tho  structure  of  tho  cells  and  their  outlines 
may  be  best  demonstrated  in  tho  following  way: — 

A  portion  of  the  fresh  tissue  ia  taken  and  immersed  for  a  few 
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linutcs  in  o  1  per  cent,  solution  of  nitrato  of  silver;  it  is  taken  uut, 
washed  with  distilled  iratec,  sad  exposed  in  water  or  spirit  to  sun- 
light    The  silver  forms  a  compound  with  the  cement,  which  in  the 


NS 


A.     D. 


Flo.  ».~Fruui  i  i*citoo  of  On  »t,  rtalnod  with  tUver  i>lir»ir.    N    Alinjll  or  air-wilt, 

llbnl  witi,  Ut>:«  B»t,  nu.-lMtod  c*iu,  w lib  mm  un*Usr  polyhedral  Duclmvd  cell*,    (lilriu  1B0 
HMm  sail! 

is  decomposed  or  reduced,  leading  to  a  fine  deposit  of  silver, 
showing  as  black  or  brown  lines  between  the  cells,  and  accurately 
defining  their  outlines.  The  preparation  may  then  be  immersed  in 
some  stain  liko  logwood  to  bring  out  the  nuclei,  and  finally  mounted 
in  the  usual  way. 


xv3H 


Pm.  ».— AWomlii*!  surface  of  central  UipIod  of  tli-;  ilUplirtiUii  uf  ratoiit,  il 
polyjonal  *hap<i  of  th«  eedotliellftl  r«U* ;  «acli  wU  is  uucl««t»d.     x  800. 


Hi 


Fig.  28  shows  tho  appoarance  presented  in  a  preparation  uf  hmg 
In  the  alveoli  or  air-sacs  of  the  lung,  pavement  epithelium  of  a  typical 
kind  is  found  forming  a  lining  membrane. 
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EPITHELIUM 
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Endothelium. — Epithelium  nf  similar  appearance  is  found  lining 
the  interior  of  the  whole  of  the  vascular  system,  heart,  arteries,  capil- 


Fia.  80.— P«ritoufBl  surface  of  >  portion  of  the  septum  of  the  great  lymph-sac  of  a  frog.    The  stomata, 
some  of  which  are  open,  some  collapsed,  are  well  shown,     x  100.    (Klein.) 

laries,  veins,  and  lymphatics,  and  in  the  adjuncts  of  the  circulatory 

system  called  the  serous  membranes  (pericardium,  peritoneum,  etc.). 

This  epithelium  is  formed  from  the  middle  layer  of  the  embryo, 


Fio.  81. — A  portion  of  the  great  omentum  of  dog,  which  shows,  amongst  the  flat  endothelium  of  the 
surface,  small  and  large  groups  of  germinating  endothelium,  between  which  are  many  stomal*, 
x  800.    (Klein.) 

the  mesoblast ;  most  other  epithelium  is  derived  either  from  epiblast  or 
hypoblast.     Hence  it  has  received  a  distinct  name,  viz.:  endothelium. 
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The  general  appearance  presented  by  endothelium  in  serous  mem- 
branes is  shown  in  figs.  29,  30,  and  31 ;  in  blood-vessels  in  6g  32. 

The  stomata  soen  in  somo  of  the 
drawings  are  minute  openings  sur- 
rounded by  more  darkly  staining  cells, 
which  lead  from  serous  cavities  into 
lymphatic  vessels. 

Cubical,  Spheroidal,  and  Columnar 
Epithelium. 

h     these    forms   of    epithelium,    the 

cells  are  not  flat,  but  are  thick;  if  tiny 

approximate  culies  or  spheres  in  shape, 
1     ium    is    call  deal     OK 

spheroidal  respectively.     Polyhedral  epi- 
thelium is  found  in  the  alveoli  of  BO 

ing  glands,  such  as  the  salivary  glands, 

liver,  and  pancreas  (see  figs.  33  and  34), 

and  will  be  discussed  al  in  eon- 

Motion  with   those  organs.     Cubical  epi- 
thelium is  found  in  the  alveoli  of  the 

thyroid  (see  fie.  35),  in   the  tubules  of 

the  testis,  and   in    tho  ducts  of   some 

glands. 

In  columnar  epithelium   the  culls  are 
and  furru  a  kind  of  palisade  or  rows 
It  in  found  lining  the  bl- 
oc <-f  the  itomach  and  intestines,  and 

the  ducta  of   the  majority  of  secretins. 

glands;  it  forms  also  the  layer  on  the 

outer  surface  of  the  ovary. 

In  the  intestinal  epithelium  each  cell    has   a   distinct   brightly 

refracting  and  striated   1 'order.     Fig.  30  shows  two  isolated  cells  of 

Tli'  b  usual  network  and  the  vacuolated  condition 

of  tli  asm  are  I  seen.    The  attached  border  is  nan 

than  the  free  edga     AmoBboid  lymph  cells  are  found  m  the  spaces 
that  must  necessarily  be  left  when  cells  of  such  a  shape  ooi 
surface.     Fig.  37  shows  a  row  of  columnar  cells  from  the  rabbit's 

next  figure  (fig.  38)  shows  the  arrai  of  these  cells  on 

nrface  oi  icrous  little  projections  found 

in  the  small  intestine. 

The  gaps  seen  there  are  due  to  the  formation  of  what  are  called 
goblet  cells.     In  some  of  the  columnar  cells,  a  formation  of  granules 


Pro.  S3.    Surface  vfoat  uf  ao  artery  trutn 
..«aent*ryofa  frag,  tnahnHbv\ 
Inajwri-n 

a,  Tfca  •rtiiry.  with  it*  circular 
nm~'uUf  coat  (mMla)  lft:llt-au*l  by 
broad  tiBBtroraa  marking,  with 
an  Indication  of  the  advraiLHu  cxil 
■U*.  <,Lrm|>1>atlcvaaafl;  It.  wall 
la  a  •Jmpla  aiMothallal  mr icbruir. 
(K  HmrUt.) 


Via.  li Snrtlou  of  human  lb}  fold .  I  li  t  aliuwu  aiv  Uiml  lij  i  ubkal  fintlicllma.  and  OOP- 

uiti  a  ooQoU  mtwrtaL    (After  Schafer.) 

throughout  life,  the  discharged  BtvaM  OO&tributing  to  form  mvcits. 
The  colls  themselves  may  recover  thoir  original  shape  after  discharge, 
and  repeat  the  process  later  on. 
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Tho  colls  of  ciliated  epithelium  mot  shape 

(6g.  40),  but  they  may  occasionally  bo  Spheroidal  (fig.  41). 


tto.  ».— OAumrM  rutuwllum  cell*  of  tho  rabbit'* 
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12.    <*ili»t-l    eptlhi  lluu       il  human 

tT«ch«.    a,  1»jp«i  I ully  nrrmn^ml 

Ic   llbrr*;    b,    bBMtnent   niombinia;   c, 
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nwalate  •lootftto-1  e»ll«; 
of  ccll«  fully   dcrelopwl   an<]    l««riiit;   cilU. 
US'1       iK.-iilll  er.) 


u  h  cell  is  surmounted  by  a  bunch  of  fine  tapering  filaments. 

Tin  v  were  originally  called  cilia  liecause  of  their  resemblance  in  shape 

to  eyolashea.  They  diner  from 
eyolaahcs  in  being  extremely 
small,  and  in  not  being  stiff" ; 
rhoy  arc  in  fact  composed  of  pro- 
toplasm. During  life  these  move 
to  and  fro,  and  so  produce  a  cur- 
rent of  fluid  over  the  surface  they 
cover.  Like  columnar  colls,  they 
may  form  goblet  cells  and  dis- 
charge mucin. 

In  the  larger 
ciliated  colls,  it 
will  be 8oen  that 
the  border  on 
which  the  cilia 
are  set  is  bright. 

and  composed  of  little  kuobs,  to  each  of  whir 
m  is  attached;  in  some  cases  the  knobs  are 

prolonged    into  tho  coll   ptotoplttm  as  filaments 

or  ru  fig.  43).     According  to  somo  observers 

those  rootlets  aro  outgrowths  from  tho  multipl 

centroBome  of  the  cell. 

The  bunch  of  cilia  is  homologous  with  the 

striated  border  of  columnar  cells. 

Ciliated  epithelium   is  found  in  the  human 

body,  (1)  lining  the  air  passages,  but  not  in   the 

alveoli  iif  the  lungs;  theso  aro  lined  by  pavemont 

epithelium;  (2)  in  the  Fallopian  tabu  and  upper 

part  of  tho  uterus;  (3)  in  the  ducts  of  the  testis 

known  as  the.  va.-a  i  and  coni  vasculosi; 

here  the  cilia  are  tho  longest  found  in  the  body; 

(4)  in  the  ventricles  of   the    brain  and   cential 

canal  of  tho  spinal  cord ;  (5)  the  tail  of  a  sperma- 
tozoon may  also  l>e  regarded  as  a  long  cilium. 
In    other  animals   cilia   are    found    in    i 

parts;  for  instance,  in  the  frog  the  mouth  and 

gullet  are  lined  by  ciliated  cells,  in  the  I  ad  pole, 

tho  whole  surface  of  tho  body  and  especially  the 
are  covered  with  cilia.     Among  the  inverte- 
brates one  finds  many  protozoa  completely  covered 

with  cilia ;  iu  many  embryos  the  cilia  are  ai  I  an. 

in  definite  bands  round  the  body;  in   the  m  lifers  01  wheel  animal- 
cules, a  ring  of  cilia  round  tho  mouth  gives  the  name  to  this  par- 
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ticular  group.     The  gills  of    many  animals  are  covered   with  cilia; 
and  the  cells  of  the  kidney  tubules  in  some  animals  aro  ciliated. 

Ciliary  Motion. 

Ciliary  motion  reminds  one  of  amoeboid  movement,  bat  it  is  much 
more  rapid,  and  more  orderly.  It  consists  of  a  rhythmical  movement 
of  the  cilia,  a  bendinc  over,  followed  by  a  lessening  of  the  curvature, 
repeated  with  great  frequency. 

When  living  ciliated  epithelium,  cjj.,  fmtn  the  gill  of  a  mussel,  or 
frotn  the  month  of  the  frog,  is  examined  under  Khfl  OUGXOBOOpG  in  a 
drop  of  0  75  per  cent,  solution  of  common  salt  (normal  saline  solution), 
the  Been  to  be  in  constant  rapid  motion,  each  cilium  being 

fixed  at  ono  end,  and  swinging  or  lashing  to  and  fro.  The  general 
impression  given  to  the  eye  of  the  observer  is  very  similar  to  that 
produced  by  waves  in  a  hold  of  corn,  or  swiftly  running  and  rippling 
water,  and  the  result  of  their  movement  is  to  produce  a  continuous 
current  in  a  definite  direction,  and  this  direction  is  the  same  on  the 
same  surface,  being  usually  in  the  case  of  a  cavity  towards  the 
externa]  orifice- 
There  is  not  only  rhythmic  aorement  of  a  single 
cilium,  but  each  acts  in  harmony  with  its  fellows  in  the  same  cell, 
and  on  neighbouring  cells. 

The  uses  of  cilia  can  from  tho  above  be  almost  guessed ;  in  the 
respiratory  passages  they  create  a  current  of  mucus  with  entangled 
dust  towards  tho  throat;  in  the  Fallopian  tube  or  oviduct  they  assist 
the  ovum  on  its  way  to  the  uterus;  in  the  gullet  of  the  frog  they  act 
vnwards  and  assist  swallowing,  in  the  ciliated  ncotOJOB  they  are 
locomotive  organs.     Ov  lis  of  marine  animals  they  keep  up  a 

fresh  supply  of  water,  ami  in  the  case  of  tho  rotifers,  which  are  fixed 
animals,  the  current  of  water  brings  food  to  the  mouth. 

ary  motion  is  independent  of  the  will,  and  of  the  influence 
•  if  the  nervous  system.  It  may  continue  for  several  hours  after 
death  or  removal  from  the  body,  provided  the  portion  of  tissue  under 
examination  be  kept  moist.  Its  independence  of  the  nervous  system 
is  shown  also  in  its  occurrence  in  the  lowest  invertebrate  animals, 
which  are  unprovided  with  anything  analogous  to  a  nervous  system. 
The  vapour  of  ether  or  chloroform  and  carbon  dioxide  arrest  the 
motion,  but  it  is  renewed  on  the  discontinuance  of  the  application. 
The  movement  ceases  when  the  cilia  are  deprived  of  oxygen,  although 
it  may  continue  for  a  time  in  the  absence  of  fnt  oxygen,  but  is 
revived  on  the  admission  of  this  gas.  The  contact  of  various  sub- 
stances, e.g.,  bilo,  strong  acids,  and  alkalis,  will  stop  the  motion 
altogether  .  but  this  depends  on  destruction  of  the  delicate  substance 
of  which  the  cilia  are  composed.    Temperatures  above  45  C.  and  near 
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stop  the  movement,  whereas  moderate  heat  and  dilute  alkalis 
are  favourable  to  the  action,  and  revive  the  movement  after  temporary 
cesaation.  The  exact  explanation  of  ciliary  movement  is  not  known ; 
whatever  may  be  the  exact  i-ause,  the  movement  must  depend  upon 
some  changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceasea,  and 
when  severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the 
cell,  the  attached  and  not  the  severed  portions  continue  the  move- 
ment. It  has  been  suggested  by  Engelmann  that  the  contractile  part 
of  tho  protoplasm  is  only  on  the  concave  side  of  a  curved  cilium,  and 
that  when  this  contracts  that  the  cilium  is  brought  downwards; 
whore  relaxation  occurs,  the  cilium  rebounds  by  the  elastic  recoil  of 
the  convex  border. 

Schafer  has  suggested  that  the  flow  of  hyaloplasm  backwards  and 
forwards  will  explain  ciliary  as  it  will  amoeboid  movement.  In  an 
amceboid  cell,  tho  spongioplasm  is  irregular  in  arrangement,  hence  an 
outflow  of  hyaloplasm  from  it  can  occur  in  any  direction.  But  in 
the  curved  projection  called  a  cilium,  the  hyaloplasm  can  obviously 
flow  in  only  one  direction  into  tho  cilium  and  back  again.  The  flow 
of  moiv.  Ii y.iinpl.iMii    in  pencil  ipla.sui  of  t lie  ciliiun  will  cause  it 

to  curve,  the  flow  uf  tho  hyaloplasm  book  into  the  body  of  the  cell 
will  cause  tho  cilium  to  gtrafghttui 

Tho  action  of  dilute  alkalis  and  acids  on  cilia  is  interesting. 
Dilute  acids  stop  ciliary  motion;  and  cilia,  if  allowed  to  act  in  salt 
solution  for  a  time,  got  more  and  more  languid,  and  dually  cease 
acting;  in  popular  language  they  hocomo  fatigued.  Now  wo  shall 
lind  in  muscle  that  fatigue  is  largely  duo  to  tho  accumulation  of  the 
■did  products  ol  nmflOMftr  activity ;  remove  the  sarco-lactic  aci< 

k     pastes   eft     It  is  probable  that  tho  samo  occurs  in  other 
...  hie  tissues;  tbsofUs  gradually  stop,  due  to  acid  products  of 
their  activity  collecting  around   them;  when   these  are  neutralised 
with  dilute  alkali  the  cilia  resume  activity. 


Transitional  Epithelium, 

This  term  has  been  applied  to  cells  which  are  neither  arranged 
in  a  single  layor,  as  is  the  case  with  simple  epithelium,  nor  yet  in 
many    sup  ed    strata,   as    in    stratified    epithelium;    in   other 

w.nis,  it  is  employed  when  epithelial  colls  are  found  in  two,  three,  or 
four  suj>oriinj»osod  layers. 

Tho  nppea  layer  may  be  either  columnar,  ciliated,  or  squamous. 
When  the  upper  layer  is  columnar  or  ciliated  the  second  layer  con- 
sists at  smaller  cells  fitted  into  the  inequalities  of  the  cells  above 
them,  as  in  tho  trachea  (fig,  •!_'  i. 

The  epitholium  which  is  met  with  lining  the  urinary  bladder  and 
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iters  Is,  however,  the  transitional  par  excellence.  In  this  variety 
are  two  or  three  layers  of  colls,  the  upper  being  moa 
ti  tt.ienetl  according  to  tlio  full  or  ooUapaed  condition  of  the  organ, 
their  under  surface  being  masked  with  oa  now  depressions,  Into 
which  the  heads  of  the  next  layer  of  club-shaped  cells  fit.  Between 
the  lower  and  narrower  parts  of  tho  second  row  of  cells  are  fixed 
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irregular  cells  which  constitute  the  third  row;  sometimes  a  fourth 
row  is  present  (fig.  4-1).  If  a  Bonping  of  the  mucous  mombrane  of 
tho  bladder  is  teased,  and  examined  nndST  the  microscope,  all  those 
forms  may  be  made  out  (fig.  40).     Each  u tains  a  I  i -leus, 

and  tho.  largor  and  superficial  colls  often  possess  two. 


Stratified  Epithelium. 

The  term  stratified  epithelium  is  employed  whet)  the  cells  forming 
the  epithelium  are  arrangod  in  a  considerable  number  of  super- 
imposed layers.  The  shape  and  size  of  the  cells  of  the  different 
layers,  as  well  as  the  number  of  the 
layers,  vary  in  different  situation- ;  bill 
the  superficial  cells  are,  as  a  rule,  of  the 
squamous,    or    eoi  riety,    and    the 

deepest  of  tho  columnar  form. 

The  cells  of  the,  intei  m 
are  of  different  shapes,  but  the 

He  layers  are  more  or  less  i  • 
Tho  Ruporiiei.il  aeDa  are  broai 

lap  by  their  edges  (fig.  4*>).    Theii    ihemieel  composition  is  din 
r  of  the  rmoerlyin    c  ilia,  as  they  contain  keratin,  an 
thoreforo  horny  in  character. 

The  really  cellular  nature  of  even  the  dry  ami  shrivolled  scales 
oast  off  from  tho  surface  of   Mm  epidermis  can  bo  proved  by  the 
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application    nt    mVUttit     DOteah,    which    rapidly    QftBSBi    lli'-in    tu    swell 

and    assumo    their    original    form.      Their    nuclei,  however,  have 
disappeared. 

Tho  wjuiimmiis  colls  exist  in  the  greatest  number  of  layers  in  the 
epidermis  or  super  ficiul  part  of  the  skin;   iho  most  superficial   of 


IT.   -Vertical  wrtionof  Ui«  »tratin*1  epitli^llum  of  llm  ral>Nt«  cumca.    a.  autrrior  epltliollum, 
allowing  the  tWTorotiC  <t»p^i  of  thd  celU  at  varlou*  >t»-j>Ui»  (run  llw  frao  iarfa<* ;  b,  a  portion  of  tl.c 
nice  of  cornea,    (KWn.) 

tfafl8B  :ir>)  li-'ii!'..1  continually  removed  b\    it  Id  UHD,  and    new  rolls   falD 
below  supply  the  place  of  those  cast  off. 

In  many  of  the  dee \  n  in  the  mouth  and  skin  tho  outline 

of  tli  -   <<ll-  is  very  irregular,  in  consequence  of  processes  passing 
from  coll  to  cell  across  these  intervals. 

Such  cells  (fig.  48)  are  termed  "ridge  and  furrow,"  "cogged"  or 
"prickle"   colls.     Those  "prickles"  are  prolongation  intra- 

cellular network  which  run  across  from  cell  to  cell,  thus  joining  them 

together,  the  interstices  being  filled  by 
dgp&f.  lymph   and   transparent    inter-cellular 

cement  substance.  When  this  increases 
in  quantity  in  inflammation  the  cells 
are  pushed  further  apart,  and  the  con- 
necting fibrils  or  "prickles"  arc  elon- 
gated and  therefore  more  clearly  visiblo. 

This  connection  of  cell  to  cell  is  sometimes 
spoken  of — eoiUitmUji  cum  ;  the  same 

occur"  in  involuntary  muscular  tissue.  It  is 
very  iTinrlii  d  in  the  tissues  of  many  plants. 

The  columnar  cells  of  the  deepest 
layer  are  distinctly  nucleated ;  they 
multiply  rapidly  by  division ;  and  as  new  cells  are  formed  beneath, 
they  press  the  older  cells  forwards  to  be  in  turn  pressed  forwards 
themselves  towards  the  Biirface,  gradually  becoming  flatter  in  shape 
and  horny  in  composition  until  they  are  cast  off  from  the  surface. 

ntird  iijiit helium  is  found    in  the  following  situations: — (1) 

Og  the  opidormis,  covering  the  whole  of  the  external  surface  of 

the  boqy  .  (2)  Covering  the  raucous  membrane  of  the  nasal  orifice, 
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tongue,  mouth,  pharynx,  and  oesophagus,  (3)  As   the  conjunctival 
helium,   covering  the  cornea;   (4)  Lining   the  vagina  and   the 
vaginal  part  of  the  cervix  uteri 


Nutrition  of  Epithelium. 

Epithelium  has  no  blood-vessels;  it  is  nourished  by  lymph. 
When  the  blood  is  circulating  through  the  thin-walled  small  blood- 
vessels in  the  tissues  beneath  the  epithelium,  some  of  its  fluid  con- 
stituents escape.  This  fluid  is  called  lymph ;  it  penetrates  to  all 
parts  of  the  cellular  elements  of  tissues  and  nourishes  them.  In  the 
thicker  varieties  of  epithelium,  the  presence  of  the  irregular  minute 
channels  between  the  prickle  cells  (fig.  48)  enables  the  lymph  to  soak 
more  readily  between  the  cells  than  it  would  otherwise  be  able  to  do. 
Epithelium  is  also  destitute  of  nerves  as  a  rule*  But  in  Btratificd 
epithelium,  particularly  that  covering  the  cornea  at  the  front  of  the 
eye  and  in  the  deeper  layers  of  the  epidermis,  a  plexus  of  none 
fibrils  is  found. 

Chemistry  of  Epithelium. 

Thore  is  not  much  to  add  to  what  has  been  already  stated  con- 
cerning colls ;  protoplasm  and  nucleus  have  the  same  chemical  com- 
position as  has  been  already  described  in  Chapter  II.  Two  new 
substances  have,  however,  been  mentioned  in  the  foregoing  chapter — 
namely,  mucin  and  keratin. 

Mucin.— This  is  a  widely  distributed  substance  occurring  in 
epithelial  cells  or  shed  out  by  them  (see  goblet  cells,  fig.  39).  It  also 
forms  the  chief  constituent  of  the  cementing  substance  between 
epithelial  cells.  Wo  shall  again  meet  with  it  in  the  intercellular 
substance  of  the  connective  tissues.  The  mucin  obtained  from 
different  sources  varies  somewhat  in  composition  and  reactions,  but 
they  all  agree  in  the  following  points : — 

(a)  Physical  character:  viscid  and  tenacious. 

(b)  Procipitability  from  solutions  by  acetic  acid.  They  all  dis- 
solve in  dilute  alkalis,  like  lime-water. 

(c)  They  are  all  compounds  of  proteid,  with  a  carbohydrate 
material;  by  treatment  with  mineral  acid  this  is  hydratod 
into  a  reducing  but  non-fermentable  sugar-like  substance. 

The  substance  mucin,  when  it  is  formed  within  cells  (goblet  cells, 
cells  of  mucous  glands),  is  preceded  in  the  cells  by  granules  of  a 
substance  which  is  not  mucin,  but  is  readily  changed  into  mucin. 
This  precursor,  or  mother-substance  of  mucin,  is  called  mucigtn  or 
mucinogen. 

Keratin,  or  horny  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns.     It  is  very 
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insoluble,  and  chiefly  differs  from  proteids  in  its  high  percentage  of 
sulphur.  Keratin  is  a  member  of  a  heterogeneous  group  of  proteid- 
like  substances  which  are  called  albuminoids,  and  several  more 
members  of  this  group  we  shall  have  to  consider  in  our  next  chapter 
on  the  connective  tissues. 
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TnE  CONNECTIVE  TISSUES 


The  coo  ies  are  the  following : — 

1.  Areolar  tissue. 

2.  Fibrous  tissue. 

3.  Elastio  tissua 

4.  Adipose  tissue 

5.  Retiform  and  lymphoid  tissues. 

6.  Jelly-like  tissua 

7.  Cartilage. 

8.  Bone  and  dentine. 

9.  Blood. 
At  first  sight   these  numerous  tissues  appear  to  form  a  very 

heterogeneous  group,  including  the  moat  solid  tissues  of  the  body 
(bone,  dentine)  and  the  most  fluid  (blood). 

But  on  examining  a  little  more  deeply,  one  finds  that  the  group- 
ing of  these  apparently  different  tissues  together  depends  on  a  munMS 
of  valid  reasons,  which  may  be  briefly  stated  as  follows: — 

1.  They  all  resemble  each  other  in  origin.     All  are  formed  from 

the  mesoblast,  the  middle  layer  of  the  embryo. 

2.  They  resemble  each  other  structurally;   that  is  to  say,  the 

cellular  element  is  at  a  minimum,  and   the  intercellular 
material  at  a  maximum. 

3.  They  resomblo  each  other  functionally ;  they  form  the  skoleton, 
and  act  as  binding,  supporting,  or  connecting  tissues  to  the 
softer  and  more  vital  tissues. 

An  apology  is  sometimes  made  for  calling  the  blood  a  tissuo, 
because  one's  preconceived  idea  of  a  tissue  or  texture  is  that  it  must 
something  of  a  solid  nature.  But  all  the  tissues  contain  water. 
Muscular  tissue  contains,  for  instance,  at  least  three-quarters  of  its 
weight  as  water.  Blood,  after  all,  is  not  much  more  liquid  than 
luscle.  Blood,  moreover,  contains  cellular  elements  analogous  to  the 
colls  of  other  tissues,  but  separated  by  large  quantities  of  a  fluid 
intercellular  material  called  blood-plasma, 
u 
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Blood  13  also  mesobla3tic,  and  thuB  tho  two  first  charactoristica  of 
a  connective  tissue  are  present.  It  does  not  fulfil  the  third  condition 
by  contributing  to  the  support  of  tho  body  as  part  of  tho  skeloton, 
but  it  does  so  in  another  sense,  and  servos  to  support  the  body  by 
conveying  nutriment  to  all  parte. 

Areolar  Tissue. 

Tliis  is  a  very  typical  connective  tissue.  It  has  a  wide  distribu- 
tion, and  constitutes  the  subcutaneous,  subserous,  and  submucous 
tissues.  It  forms  sheaths  (fascife)  for  muscles,  nerves,  blood-vessels, 
glands,  and  internal  organs,  binding  them  in  pusitimi  and  penetra- 
ting into  their  interior,  supports  and  connects  their  individual  parts. 

If  one  takes  a  little  of  tho  subcutaneous  tissue  from  an  animal, 
and  stretches  it  out  on  a  glass  slide,  it  appears  to  the  naked  eye  like 
a  soft,  fleecy  network  of  fino  white  fibres,  with  here  and  there  wider 
fibres  joining  it.     It  is,  moreover,  elastic. 

But  in  order  to  make  out  its  structure  accurately,  it  is  necessary 
to  examine  the  thinnest  portions  of  the  film  with  the  microscope,  and 


Fin,  «,— Bondl*»  of  Uif  wlilts  Bbrw  of  areolar  Umiue  i*rtl>"  lUirovuUod.    (After  SUarpty. 

tho  action  of  staining  and  other  reagents  may  then  be  also  studied. 
By  such  means  it  is  seen  that  this  typical  connective  tissue  consists 
of  four  different  kinds  of  material,  or,  as  they  may  be  termed,  histo- 
logical elements.     They  are : — 

(a)  Cells,  or  connective-tissue  corpuscles. 

(b)  A  homogeneous  matrix,  ground  substance,  or  intercellular 

material. 

(c)  White  fibres  j  ^        are  depoaited  in  the  malrijc. 

(d)  Yellow  or  elastic  fibres  )  r 
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In  considering  these  four  histological  elements  we  may  first  take 
the  fibres,  because  they  are  the  moet  obvious  and  abundant  of  the 
structures  observable. 

The  white  fibres.  These  are  exquisitely  fine  fibres  collected  into 
bundles  wliich  have  a  wavy  outline.  The  bundles  run  in  different 
directions,  forming  an  irregular  network,  the  meshes  between  which 
are  called  areolae;  hence  the  name  areolar.  The  individual  fibres 
never  branch  or  join  other  fibres,  but  they  may  pass  from  one  bundle 
to  anutl 

On  treatment  with  dilute  acetic  acid  they  become  swollen  and  in- 
distinct, leaving  the  other  structures  mixed  with  them  more  apparent. 


no.  M.-  -KU.Ui:  ulirm  <A aicuUr 
titan*.    <Afl«  Mttftr.) 


Ki.i.  41. -A  whit*  taiwUe 
iwollon     by      ai-rllc 


Tlwy  are  composed  of  the  chemical  substance  called  collagen. 
boiling  they  yield  gelatin ;  some  chemists  regard  collagen  as  the 
anhydride  of  gelatin;  but  whether  this  is  so  or  not,  the  gelatin  is 
undoubtedly  derived  from  the  collagen.  Gelatin  is  a  proteid-like 
substance  though  not  a  proteid.  It  belongs  i<»  the  class  of  albuminoids. 
Its  most  Ohanota  [  or  gelatinising; 

tlwt  is,  it  is  soluble  in  hot  mtV,  hut  on  cooling  the  solution  it  sets 
into  a  jelly. 

The  yellow  or  elastic  fibres.     These  are  seen  readily  after  the  white 
fibres  are  rendered  almost  invisible  by  treatment  with  dilute  acetic 
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:•  i  I,  «»r  aftor  staining  with  such  dyes  aa  magenta  md  oi  coin, for  which 
elastic  fibres  have  a  great  affinity.     They  aro  bigger  than  the  white 
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fibres,  have  a  distinct  outline,  md  s  Btmght  oonne;  bhej  run  singly, 
branch,  and  join  neighbouring  fibres  (fig,  50). 

The  material  of  which  the  clastic  fibres  am  composed  is  called 
_    .^  *  j,  rlastin  ;    this  iB  another  albuminoid.     It 

^■j  r,      ^fc  is  "naltered,  as  we  have  seen,  by  dilute 

^^F       ^^r  I.     It  also  resists  the  action  of  very 

strong"  acid,  and  is  not  affected  by  boiling 
water, 

Tho  bundles  of  white  fibres  which  have 
been  swollen  out  by  diluto  acetic  acid 
sometimes  exhibit  constrictions  as  in 
fig.  51.  These  are  due  to  elastic  fibres  or 
cell  processes  encircling  them  and  pre- 
venting the  swelling  at  those  points. 

Connective-tissue  corpuscles.  These  are 
the  cells  of  connective  tissue:  several 
varieties  may  be  made  out,  especially 
after  a   preparation    Mas  boon  staiimd. 

1,  Flattens  I  cell?,  branched,  and  often 
united  by  their  processes,  as  in 
the  cornea. 

2.  Flattened  colls,  unbranched,  and 
joined  edge  to  edge  like  the  cells  of  an  epithelium;  these  aro 
well  seen  in  the  sheath  of  a  tendon 

3.  Plasma  cells  of  Wa  Meyer,  varying  greatly  in  size  and  form 
but  not  flat  toned.     The  protoplasm  is  much  vacuolated. 


!  .t.    pigment*.  I,    I 
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4.  Grannie  cells  {"  mast"  colls  of  Ehrlich):  like  plasma  cells,  but 

containing  albuminous  granules  (stainable  by  basic  aniline 
dyes)  instead  of  vacuoles. 

5.  Wander  cells:   white  blood-corpuscles  which  have  emigrated 

from  the  neighbouring  blood-vessels. 
G.  Pigment  cells:  these  are  seen  in  the  subcutaneous  tissues  of 

many  animals,  e.g.,  the  frog,  and  in  the  choroid  coat  of  the 

eyeball. 
Fig.  55  allows  a  highly  magnified  view  of  a  small  piece  of  sub- 
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.    Areolar  Iuhuo.    71m  wliitf  Dtirw  are  mwr  in  wary  bundle*;  lbs  elastic  librae  furni  an  open 
network.    /■.  v,  I'tawna  e«!l!«;   •],  xmuule  cell;   e,  /,  Umrll.tr  w.IIk  ;  /,   lUirlUaUxl  coll.    (After 
Mhr.) 

cutaneous  tissue,  and  illustrates  the  irregular  way  in  wliich  the  fibres 
and  cells  are  intermixed. 

T7u  ground -suhstancc.  This  may  Ik»  represented  in  fig.  55  by  tho 
white  background  of  tho  pope 

It  may  bo  m'ulily  demonstrated  in  a  silver  nitrate  preparation; 
for  tho  intercellular  material  has  tho  same  property  of  reducing  silver 
salts  in  the  sunlight  that  tl  nt-material  of  epithelium  has.     It 

l>ecome8  in  consequence  dark  brown,  with  the  exception  of  the  spaces 
occupied  by  the  corpuscles. 

Tho  spaces  intercommunicate  like  the  cells,  ami  Itmng  consider- 
ably buy  cells  form  a  ramifying  not  work  of  irregular 
channels,  which  worn  first  termed  by  v.  Recklinghausen  the  Sctft 
Kawdchtrn,  or  1  i 1 1 1* •  juice  canals     Areolar  tissue  is  certainly  pro- 
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vided  with  blood-vessels,  but  the  tissue  elements  are,  as  in  all  tissues, 

provided  with  nutriment  by  the 
exudation   from   the   blood  called 
lymph.     The  Soft  KamUchen 
able   the   lymph  to  penetrate  to 
every  part  of  the  areolar  tissue. 

Development  of  Areolar 
Tissue. 

The  mesoblastic  cells  in  those 
parts  where  the  tissue  is  to  be 
formed     become     branched     and 

fn.  t  nMMOa  of  nmnooUT*  llmic,       fUSlforiU. 

^A^XXSIX?*""*™"  These  ultimately  become  the 

connective-tissue   corpuscles,   and 
thoy  get  more  and  more  widely  separated  by  intercellular  material, 


Kio.  57.— I'ortMi  of  «ubn>.  Of  KTurld  ut«ro«  of  «ow.    a,  Dr*ncli*j  etlU,  mora  or  l«m  iplndlf* 

iOi«l>nJ  ;  b,  bini'Jlri  uf  rvmnrctiVB  linun.    (Klein.) 

partly  shed  out  by  the  cells  themselves,  partly  shod  out  from  the 


P>o.  58.— Jolly  of   Wliarton.     r,  lumlluvl   cells   IntcrccmmnnlcAtlng  by  their  tranche*;   1,  a  rfiw  of 
lynjlihull- ;  I,  libra  developing  lo  tli«  grouDd-mib*Unoe.    (Kanvipr.) 

neighbouring    bluud-vessels.      This    becomes,    the   ground-subBtance. 
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fibres  arc  subsequently  deposited  in  this  matrix.     At  ax>8  i lim- 
it- was  beili.  \ nil    that   tho  cells  themselves   became  elongated   and 

texted  into  fibres.  No 
doubt  the  cells  do  exercise 
a  controlling  influence  on 
fibre  -  formation  in  their 
neighbourhood,  but  it  is 
certain  that  they  never 
become  fibres.  Tho  forma- 
tion of  fibres  is  intercel- 
lular. Some  of  the  fibres 
formed  are  of  the  white, 
others  of  the  yellow 
In  tho  case  of  the  elastic 
fibres,  rows  of  granules  of 
olastin  are  first  deposited; 
these    joining     together     in 


vWopment of  al«*Uc  Ustuo  by  deposition  of 

u,  Fibre*     ■ 
:   P.  pUlc 

■ub«Unc*  formcl  by  the  fusion 
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epos: 
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•JtiM    Mr—rtlW  of  clutir 

claiLte  granule*. 
(FUarler.) 

single  or  multiple  rows  fm  in 
the  long  fibres:  traces  of  this  are  seen  in  transverse  markings  occa- 
sionally noticeable  in  the  larger  elastic  fibres. 


Fibrous  Tissue. 

This  is  a  kind  of  connective  tissue  in  which  the  white  fibres  pre- 
dominate; it  is  found  in  tendons  and  ligaments,  iu  the  periosteum, 

dura  mater,  true  6kin,  the  sclerotic 
coat  of  the  eye,  and  in  the  thicker 
fascia-  and  aponeuroses  of  muscle. 
The    tissue    is    one    of    great 
i  ength ;   this   is  conferred   upon 
J\   '       \         \^fcElm  *'  ^  lno  arrangement  of  the  fibres, 

the  bundles  of  which  run  parallel, 
onion  hero,  as  elsewhere,  giving 
strength  Tim  fibres  of  the  same 
bundle  now  and  then  intersect  each 
hor.  The  cells  in  tendons  (fig. 
61)  are  forced  to  take  up  a  atari! 
orderly  arrangement,  and  are  ar- 
ranged in  long  chains  in  the  ground- 
I  ace  separating  the  bundles  of 
lil  ires,  and  are  more  or  less  regu- 
larly quadrilateral  with  large  round 
nuclei  containing'  nucleoli,  whiot  en  generally  placed  so  as  to  be  nearly 
contiguous  in  two  cells.  Each  of  these  cells  consists  of  a  thick  body, 
from  which  processes  pass  in  various  directions  into,  and  partially  fill 
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This  appearance  is  really  produced  by  the  wing-like  processes  of  the 
cell,  which  project  away  from  the  chief  part  of  the  cell  in  different 
directions.  These  processes  not  being  in  the  same  plane  as  the  body 
of  the  cell  are  out  of  focus,  and  give  rise  to  those  bright  stripes  when 
thn  colls  are  looked  at  from  al>ovo  and  are  in  focus. 

Tim  Iir.itn.liod  character  of  the  coIIb  is  seen  in  transverse  section 
in  |b 

The  cell  spaoes  in  which  the  cells  lie  are  in  arrangement  like  fcho 


i'.S.— Cell  ipacca  of  tendon,  bn.  u  -rontmcut  with  tllver  ultrale. 

cells  ;  thoy  can  be  brought  into  relief  by  staining  with  silver  utratQ 
(see  fig.  63). 
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Elastic  Tissue. 

This  is  a  form  of  connective  tissue  in  which  the  yellow  or  elastic 
fibres  predominate.  The  yellow  fibres  are  larger  than  those  found  in 
areolar  tissue  (see  tig.  64).  anil  are  hound 
into  bundles  by  areolar  tissue.  It  la  found 
I  >o  ligamentum  nucha;  of  the  ox,  horse, 
and    ma::  ■<■   animals ;    in    the    tigO- 

menta  subflavu  of  man ;  in  the  ai  I 
and  veins,  constituting  the  fenestrated  coat 
Battle;  in  the  lungs  and  trachea;  in 
the  stj'lo-hyoid,  thyrohyoid,  and  crico- 
thyroid ligaments;  and  in  the  true  vocal 
cords. 

Elastic  tissue  occurs  in  various  forms, 
i  a  structureless,  elastic  membrane  to 
a  :  issue  whoso  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  dill 
m_'les;  when  seen  in  bundles  elastic  fibres 
are  yellowish  in  colour,  but  individual 
fibres  are  not  so  distinctly  coloured.  The 
larger  elastic  fibres  are  often  transversely 
marked,  indicating  their  modo  of  origin 
(see  p.  41),  and  on  transverse  section  are  seen  to  be  angular 
(%  65). 

Elastic  tissue,  being  extensible  and  elastic  (i.e.,  recoiling  after  it 
has  been  stretched),  has  a  most  important  use 
in  assisting  muscular  tissue  in  a  mechanical 
way,  and  so  lessening  the  wear  and  tear  of  such 
an  important  tissue  as  muscle.  Thus,  in  the 
ligamonta  subflava  of  the  human  vertebral 
column  it  assists  in  the  maintenance  of  flu' 
erect  posture;  in  the  ligamentum  nucha?  in 
tlie  neck  of  quadrupeds  it  assists  in  the  raising 
*q>0(§pq£^'  of  the  head  and  in  keeping  it  in  that  posit  ion. 
In  the  arterial  walls,  and  in  the  air  tubes  and 
lungs,  it  has  a  similar  important  action,  as  we 
shall  see  when  discussin.tr  the  subjects  of  the 
circulation  and  respiration. 

We    now  come    to    those    forms    of    con- 
nective tissue  in  which  the  cells  rather  than   the  fibres  are  most 
linent. 

Adipose  Tissue. 

In  almost  all  regions  of  the  human  body  a  larger  or  smaller  quantity 
of  adipose  or  fatty  tissue  is  present;  the  chief  exceptions  being  the 
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subcutaneous  tissue  of  the  eyelids,  penis  and  scrotum,  the  nyinphae, 
tnd  the  cavity  of  the  cranium. 

Adipose  tissue  is  developed  iu  connection  with  areolar  tissue,  and 
forms  in  its  meshes  little  masses  of  un  o  and  irregular  shape, 

to  which  the  term  lobule*  is  applied. 

Under  tho  microscope  adiposo  tissue  is 
bond  to  consist  essentially  of  littlo  vesicles 
or  cells  n  Inch  present  d,nk,  sli.-u-ply-drdined 
edges  when  viewed  with  transmitted  light: 
they  are  about  ^^j  or  -g-hr  of  an  inch  in 
din  muter,  ascfa  consists  of  a  structureless 
and  colourless  membrane  or  bag  formed  of 
the  remains  of  the  original  protoplasm  of 
the  cell,  filled  with  fatty  matter,  which  is 
liquid  during  life,  but  is  in  part  solidified 
(or  sometimes  crystallised)  after  death.  A 
nucleus  is  always  present  in  some  part  or 
other  of  the  cell  protoplasm,  but  in  the  ordinary  condition  of  the  cell 
it  is  not  easily  or  always  visible  (fig.  67). 

This  mombrano  and  the  nucleus  can  generally  be  brought  into 
view  by  staining  the  tissue :  it  can  be  still  more  satisfactorily  demon- 
strated by  extracting  the  contents  of  the  fat-cells  with  ether,  when 
the  shrunken,  shrivelled  membranes  remain  behind.     By  mutual  prcs- 


Fio.    M.— Fat-cvll*     from     Um 
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Flu.  C7.— Group  ul  Ut-tvlU  (r  c)  wltli  capillary  vmbbJs  (• }.     |  .\  Obil  BOttfc.) 

sin.  ,  fafr-OoUfi  assume  a  polyhedral  figure  (fig.  68,  6).  When  stained 
with  osmic  acid  fat-cells  appear  black. 

The  oily  matter  contained  in  the  cells  is  composed  of  the  com- 
pounds of  fatty  acids  with  glycerin,  which  are  named  olein,  stearin, 
and  palmitin. 

Development  of  Adipose  Tissue. — Fat-cells  are  developed  from 
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connective-tisane  corpuscles,  especially  the  "  mast  "-cells;  these  cells 
may    be    found    exhibiting  every    intermediate   gradation    between 
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an  ordinary  granular  corpuscle  and  a  mature  fat-cell.    Tho  process 
of  development  is  as  follows:  a  few  small  drops  of  oil  make  their 


Kio.  70.— Branched  ooouectlrv-tlanM  eorpoaclea,  doralcplna  Into  fat -call..    (Kioto.) 

appearance  in  the  protoplasm,  and  by  their  confluence  a  larger  drop 
is  produced  (figs.  69  and  70) :  this  gradually  increases  in  sizo  at  the 
expense  of  the  original  protoplasm  of  tho  cell,  which  becomes  cor- 
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rospondingly  diminished  in  quantity  till  in  tho  mature  coll  it  only  forma 
a  thin  film,  with  t  flattened  nucleus  imbedded  in  its  substance  (fig.  66). 

Vessels  and  Nerves. — A  large  number  of  blood-vessels  are  found 
in  adipose  tissue,  which  subdivide  until  each  lobule  of  fat  contains 
a  fine  meshwork  of  capillaries  enaheathing  each  individual  fat-cell 
(fig.  68).  Although  nerve  fibres  pass  through  the  tissue,  no  nerves 
have  been  demonstrated  to  terminate  in  it. 

The  Uses  of  Adipose  Tissue. — Among  tho  uses  of  adiposo  tissue 
these  are  tho  chief : — 

a.  It  serves  as  a  store  of  combustible  matter  which  may  bo 
reabsorbed  into  tho  blood  when  occasion  requires,  and,  being  used  up 
in  the  metabolism  of  the  tissues,  helps  to  preserve  the  heat  of  the  body. 

b.  The  fat  which  is  situated  beneath  the  skin  must,  by  its  want 
of  conducting  power,  assist  in  preventing  undue  waste  of  the  heat 
of  the  body  by  escape  from  the  surface. 

c.  As  a  packing  material,  fat  servos  very  admirably  to  fill  up 
spaces,  to  form  a  soft  and  yielding  yet  elastic  material  wherewith  to 
wrap  tender  and  delicate  structures,  or  form  a  bod  with  like  qualities 
on  which  such  structures  may  lie,  not  endangered  by  pressure.  As 
examples  of  situations  in  which  fat  serves  such  purposes  may  bo 
mentioned  the  palms  of  the  hands,  the  soles  of  the  feet,  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow 
marrow,  fills  the  modullary  canal,  and  supports  the  small  blood- 
vessels which  aro  distributed  from  it  to  tho  inner  part  of  tho  subatanco 
of  tho  bono. 

Retiform  Tissue. 

Rotiform  or  reticular  tissue  is  a  kind  of  connective  tissue  in  which 
the  ground  substance  is  of  more  fluid  consistency  than  elsewhere. 


Fio.  71.— RcUfurm  tissue  frvjin  I  IfHrlllMfl  vilmi'i,  fr"'»  »  ■WdOB  wUk'h  lifts  Uwi  LrataJ  with  ilUutfl 

potash.    (Schiifcr.) 

There  are  few  or  no  elastic  fibres  in  it,  but  the  white  fibres  run  in 
very  fine  bundles  forming  a  close  network.     The  bundles  are  covered 
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and  Jed  by  flattened  r<inwctive-tissue  corpuscles.     When  these 

are  dissolved  by  dilute  potash,  the  fibres  are  plainly  seen  (tip.  71). 

The  atatenaent  has  ben    Bade  Ifcat  lb  rctiform  tissue  are  chemically 

dBfferent  from  those  of  areolar  tissue   In   spit«-  of  the  fact  tfaat  they  arc  indis- 

tbagaJahablc  mJcroacapioalh/i  and  in  many  plocas  oooHouou  with  each  other. 

Tebb  has  cowlualvdy  proved  thai  iln-nii.nl  ihHe-ri-m-e.s  tin  mil  ■  xist  lulwecn 

rroopa  of  fibres j  both  arc  dmuJc  ofooUafKn,  and  the  nbstaoeo  leiiucd 

rutin  by  Siegfrii-il  i.-.  :u  A  j  It  is  niereh  >•  liirli  hai  b   entand 

i  uli-  by  the  reagents  ^alcohol,  etherj  Qti  A  in  its  preparation. 

Adenoid  or  Lymphoid  Tissue. 

This  is  rctiform  tissue  in  which  the  lnesheB  of  the  network  are 
gely  occupied  by  lymph  corpuscles.     These  are  in  certain   f 
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Vw.  7S.— l-art o>  a  section  of  a  lymphatic  Rlaad,  from  which  Ui*  eorj"i»r>»  U%«  \*m 
fer  ifa*  nn  at  [»rt  t«fsvv«4,  •liuwicw  Vli«  iq|iportb«  ntfJorm  tl«»",    (Ki"l-i  and 

Mri&tetiaj 

v  multiplying;  they  get  into  the  lymph  stream,  which  washes 
them  into  the  blood,  where  they  become  the  colourless  corpuscles. 
It  is  found  in  the  lymphatic  glands,  the  thymus,  the  tonsils,  in  the 
follicular  glands  of  the  tongue,  in  Poycr's  patches,  and  in  the  solitary 
glands  <>:"  the  inteBtJnee,  in  the  Malpighian  coq>uscIes  of  the  spleen, 
and  nndez  the  epithelium  of  many  mucous  mwniu.ines. 


Basement  Membranes 


Tlio8o  are  homogeneous  in  appearance,  ami  aro  found  between  tho 
•  •  I ■  i  1  holiutu  of  a  mucous  memhrano  and  tho  subjacent  connective  tissue. 
Tiny  aro  generally  formed  of  flattened  connective-tissue  corpuscles 
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joined  together  by  their  edges,  hut  sometimes  they  are  made  of  con- 
densed ground-substance,  not  of  cells,  and  in  other  cases  again  (as 
in  the  cornea)  they  are  of  elastic  nature. 

Jelly-like  Connective  Tissue. 

We  hnvi.!  DOW  cunsidered  connective  tissues  in  which  fibres  of  one 
OS  tlio  other  kind  DTedoDOJllfttO,  and  some  in  which  the  cells  are  in 
preponderance.  Wo  come  lastly  to  a  form  of  connective  tissue  in 
which  tho  ground  substance  is  in  excess  of  the  other  histological 
elements.  This  is  called  jelly-like  connective  tissue.  The  cells  and 
fibres  scattered  through  it  are  few  and  far  between.     It  is  found 


73.    Tlatuvof  tii    |  : mm  umbilical  cor  1.    it,  CoiukmUvo-IImi* 

rarj-uwle* :  »,  tucleiili  of  cxmni-ctuf-Umiie  Hbren ;  t ,  uphertc*!  <*1U.    (IT"*'.) 

ly  in  the  embryo,  notably  in  tho  Whartonian  jolly,  which  sur- 
rounds and  protects  the  blood-vessels  of  the  umbilical  cord.  In  the 
adult  it  is  found  in  the  vitreous  humour  of  the  eye. 

Various  points  in  the  structure  of  the  tissue  are  illustrated  in 
figs.  58  (p.  40)  and  73. 

Tho  occurrence  of  largo  quantities  of  ground-auhstaiico  in  such 
tissues  lias  enabled  physiologists  to  examine  its  chemical  nature. 
Its  chief  constituents  are  water,  and  ono  or  more  varieties  of  mucin, 
with  traces  of  proteid  and  mineral  salts. 
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Hyaline  Cartilage  is  fouml  in  the  following  places: — 

1.  Covering  tho  articular  ends  of  bones;  here  it  in  called  articular 
cartilage. 

2,  Forming  the  rib-eartalagBB;  here  it  is  called  costal  cartilage. 
8.  The  cartilages  of  the  noso,  of  the  mndpipej  of  the  external 

auditor}  imuUis,  and  tho  greatn  Dumber  of   the  laryngeal  cartii 

4.   Temporary  cartilage:   rods  of   cartilage    which    prefigure    the 

majority  of  tlie  bones  in  process  of  <  I ■  •  -.  i - 1 » > j  - 1 : i « ■ » 1 1 . 

Articular  cartilage :  here  the  cells  are  rounded  and  Mattered  in 

groups  of  two  and  four  through  the  matrix,  which  is  non-fibril 


-Section  of  IruwIUcmal  cwtiUgc    a,  Onlln»r7  cmrtlUjB  calli ;  b  o,  tliw  wllli  pruct*%«. 

(AfUrScliufrr.) 

(fig.  74),  and  much  firmer  than  tho  ground -substance  of  the  connective 
tissues  proper;  but  it  is  affoctod  in  the  samo  way  with  silver  nitrate. 

In  the  neighbourhood  of  synovial  membranes,  the  connective- 
tissue  fibres  of  which  extend  into  the  matrix,  the  cells  are  branched 
(transitional  cartilage),  (fig.  75). 

The  next  figure  (fig.  76)  shows  the  general  arrangement  of  the  cell- 
groups  in  a  vertical  section  of  articular  cartilage.  Cartilago  is  free 
from  blood-vessels,  and  also  from  nerves.  It  is  nourished  by  lymph, 
but  canals  connecting  tho  cell-spaces  are  not  evident. 

Costal  cartilayt:  hero  the  matrix  is  not  ijuito  su clear,  and  tho  cells 
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are  larger,  more  angular,  and  collected  into  larger  groups  than  in 
articular  cartilage.     Under  the  pcridwv  a    fibrous  menihrane 

which  surrounds  the  rod  of  carti-      ■     <•_ — r  ■„.. — -^ 
lage,  the  cells  are  flattene<l   and     f*l— .  -„"2*  „ 
lie  parallel  to  the  surface ;  in  the 
deeper  parts  they  are  irregularly 
arranged ;  they  frequently  contain 
fat  (soo  fig.  77). 

The  hyaline  cartilages  of  the 
nose,  larynx,  and  trachea  (fig.  78) 
resemble  costal  cartilage. 

Hyaline  cartilage  in  many 
situations  (costal,  laryngeal,  tra- 
cheal) shows  a  tendency  to  become  calcified  late  in  Ufa 

On  boiling,  the  ground-substance  of  cartilage  yields  a  material 
called  ehondrin.  This  resembles  gelatin  very  closely,  and  the  differ- 
ences in  its  reactions  are  due  to  the  fact  that.  oiumdlUl  is  not  a 
iuV-.iuical  individual,  but  a  mixture  of  gelatin  with  varying  amounts 
of  mucin-liko  suhstanoea 


VaaHeal  iwt&n  of  artlrular  Cartilage; 
•i,  eaU-groupa  arnuinx!  parallel  lo  aurhca; 
b,  call-groupi  Irregularly  arranged  :  t,  coll* 
group*  arranind  i*n-»n<iUM,Lrlj  to  -urfacr. 


Aog,    ikovlrig 
CArtaafa-eaUa. 
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'I.      Tb"  caitOaat* 
calla  arc  aoctaaed  •Inti}'  or  in  pairs 

in    ■    iapMil«    of    hyaline   »Tib«lanc«. 

IX.  uiama.      (Klein  and 

8miH.  ) 


White  Ftbro-Cartilage  occurs — 

1.  As  inter-articular  fibro-cartilago — e.g.,  the  semilunar  cartilages 
of  the  knee-joint. 

2.  As  circumferential  or  marginal  cartilago,  as  on  the  edges  of  the 
acetabulum  and  glenoid  cavity. 

3.  As  connecting  cartilage — e.g.,  the  inter-vertebral  discs, 
•i.  In  the  sheaths  qf  tendons  and  sometimes  in  their  substance,     lu 
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tho  latter  situation  the  nodule  of  fibro-cartilage  is  called  a  sesamoid 
cartilage,  of  which  a  specimen  may  bo  found  in  the  tendon  of 
i  In?  tibialis  posticus  in  tho  solo  of  the  foot,  and  usually  in  the  neigh- 
bouring tendon  of  fch  •  peranens  loa 

Waits  filiro-cnrtilago  (fig.  79)  is  composed  of  cells  and  a  matrix. 
Tho  latter  is  permeated  by  ribros  of  the  white  I 

In  this  kinil  of  fibro-cartilage  it  is  not  unusual  to  find  portion*  BO 
donaely  fibrous  that  no  cells  can  be  seen;  but  in  other  parts  80H- 
tinuoua  with  these,  cartilage-c-  roely  distributed. 

Yellow  or  Elastic  Fibro-Cartilage  is  (bond  in  the  pinna  of  tho 
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Pm.  so.  >T«Uow  or  tlajitlo  Obro-orUI 
riu.  7V.-WUil9  0bn>*irUI*g(i.    (Cwiwlo  (0*Ji»t.j 

external  oar,  in  i ho  opiglottis  ami  <  inioula  laryngis,  ami  in  febfl 
Eustachian  tube. 

The  cells  in  this  variety  of  cartilage  are  rounded  or  oval,  with 
woll-marke.1  nuclei  and  nucleoli  (tig.  80).  The  matrix  in  which  they 
are  seated  is  pervaded  in  all  directions  by  fine  elastic  fibres,  which 
form  an  intricate  interlacement  about  the  cells:  a  small  and  varialdo 
quantity  of  non- fibril  la  ted  hyaline  intercellular  substance  is  present 
around  llio  ceQl 

Development  of  Cartilage. — Like  other  connective  tissues,  car- 
tilage originates  from  mesoblast;  the  cells  are  un branched,  and  the 
disposition  of  the  cells  in  fully  formed  cartilage  in  groups  of  two, 
four,  etc.,  is  duo  to  the  fact  that  each  group  has  originated  from  the 
division  of  a  single  cell,  first  into  two,  each  of  these  again  into  two, 
and  so  oil  This  process  of  cell  division  is  accompanied  with  the 
usual  kuryokinetic  changes. 
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Each  cell  deposits  on  its  exterior  a  sheath  or  capsule ;  on  division 
each  of  the  daughter-cells  deposits  a  new  capsule  within  this,  and 
process  may  be  repeated  (see  fig.  81). 

Tims  the  cells  got  DOM  o  separated.     The  fused  capsules 

form  a  very  large  part  of  the  matrix,  and  indications  of  their  previous 
existence  may  sometimes  be  seen  in  fully  formed  cartilage  by  tho 
presence  of  faint  r-oncentrio  lines  BhBOQSd  the  colls  (see  fig.  77). 

In  a  variety  of  cartilage  found  in  the  ears  of  rats  and  mice  called 


-<- 


PUn  of  nuiltfyUcaUMi  of  ooIU  in  nutOafB.       u,  C*:i  In  IU  «|-  |  I.  .1   Mb  ft .-,, 

••eh  ,  primary  c»p«uk  dinppramd,  «"oim!»ry  cafiwlta  00b«mit  with  itmUii  . 

J.  tertiary   dlvlalon  ;     t,    «con4*ry  capmwi  dbsppmreil,    tertiary    coherent    with  matrix. 
(After  Hharpey.) 

cellular  cartilage,  the  cells  never  multiply  to  any  great  ox  ten  i. 
are  only  separated  by  their  thickened  capsules. 

But  in  most  cartilages  the  cell-capsules  will  not  explain  the 
origin  of  the  whole  matrix,  but  intercellular  material  accumulates 
outside  the  capsules  and  still  further  separates  the  cells. 

By  certain  methods  of  double  staining,  this  twofold  manner 
of  formation  may  be  shown  very  markedly.  We  have  seen  that 
chondrin  obtained  by  boQing  cartil.-ige  is  really  a  mixture  of  two 
substances;  one  is  a  mm  in  >i<[  material,  and  comes  from  the 
capsules;  the  other  is  gelatin,  which  comes  from  the  rest  of  the 
ground  -substance  which  is  collagenous.  In  hyaline  cartilage,  how- 
over,  the  collagen  docs  not  become  precipitated  to  form  fibres,  but  in 


. 
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white  fibro-cartilage  it  does.  Tu  yellow  fibro-cartilage  the  matrix  is 
pervaded  by  a  deposit  of  elastin,  which  results  in  the  formation  of  a 
network  of  elastic  fibres. 

Bone. 

Bone  contains  nearly  50  per  cent,  of  water ;  the  solid  material  is 
composed  of  earthy  and  animal  matter  in  the  proportion  of  about  67 
jier  cent,  of  the  former  to  33  per  cent,  of  the  ratter.  The  earthy 
matter  is  composed  chiefly  of  calcium  phosphate,  hut  besides  this, 
thero  is  a  small  quantity  (about  11  of  the  67  per  cent.)  of  calcium 
carbonate,  calcium  fluoride ,  and  magnesium  phosphate. 

The  animal  matter  is  chiefly  collagen,  which  is  converted  into 
gelatin  by  boiling. 

The  animal  and  earthy  constituents  of  bono  arc  bo  intimately 
blended  and  incorporated  the  one  with  the  other  that  it  is  only  by 
severe  measures,  as  for  instance  by  a  white  heat  in  one  case  and  by 
the  action  of  concentrated  acids  in  the  other,  that  they  can  be 
separated.  Their  close  union  too  is  further  shown  by  the  fact  that 
when  by  acids  the  earthy  matter  is  dissolved  out,  or  on  the  other 
hand  when  tho  animal  part  is  burnt  out,  the  shape  of  the  lx»ne  is 
alike  preserved. 

The  proportion  between  those  two  constituents  of  dodo  varies 
slightly  in  different  bones  in  the  same  individual  and  in  the  same 
;it  different  ages. 

To  the  naked  eye  there  appear  two  kinds  of  structure  in  different 
bones,  and  in  different  parts  of  the  same  bone,  namely,  the  dense  or 
compact,  and  the  spongy  or  cancellous  tissue.  Thus,  in  making  a 
longitudinal  section  of  a  long  bone,  as  the  humerus  or  femur,  the 
articular  extremities  aro  found  capped  on  their  surface  by  a  thin 
shell  of  compact  bone,  while  their  interior  is  made  up  of  the  spongy 
or  cancellous  tissue.  Tho  shaft,  on  the  other  hand,  ia  formed  almost 
ontirely  of  a  thick  layer  of  the  compact  bone,  and  this  surrounds  a 
central  canal,  the  medidlary  cavity — so  called  from  its  containing  the 
medulla  or  marrow. 

In  the  flat  bones,  as  the  parietal  bone  or  the  scapula,  the  can- 
cellous structure  (diploe)  lies  between  two  layers  of  the  compact 
tissue,  and  in  tho  short  and  irregular  bones,  as  those  of  the  carpus 
and  tarsus,  the  cancellous  tissue  fills  tho  interior,  while  a  thin  shell 
of  compact,  bone  forms  the  outside. 

Marrow. — There  are  two  distinct  varioties  of  marrow — the  red 
and  yellow. 

Red  marrow  is  the  connective  tissue  which  occupies  the  spaces  in 
the  cancellous  tissue;  it  is  highly  vascular,  and  thus  maintains  the 
nutrition  of  the  spongy  bone,  the  interstices  of  which  it  fills.  It 
contains  a  few  fat-cells  and  a  large  number  of  marroio-cells.     The 
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marrow-cells  are  amoeboid,  and  resemble  largo  loucocyt.es;  the 
granules  of  some  of  these  cells  stain  readily  with  acid  and  neutral 
dyes,  but  a  considerable  number  have  coarso  granules  wluch  stain 
readily  with  basic  dyes  like  methylene  blue.  Among  the  cells  are 
some  nucleated  cells  of  the  same  tint  as  coloured  blood -corpusclea 
These  are  termed  crylhrobla&ts.  FrOOQ  thuoa  the  ookmrad  QorprjBolofl 
of  the  blood  are  developed.  There  are  also  a  lew  Urge  cells  with 
many  nuclei,  termed  giant  cells  or  mydoplaxes  (fig.  82). 

YMow  marrow  fills  the  medullary  cavity  of  long  bones,  and 
sists  chiefly  of  fat-cells  with  numerous  blood-vessels;  many  of  its 
cells  also  aro  the  colourless  marrow-cells  first  mentioned. 
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Flo.  S3.— CbIU  of  thr  re<1  marrow  of  the  iroliifA-i'lie,  highly  maxuifln).    a,  A  !■?£>'  mil,  th*  MM 

fa  appear*  to  be  |«rUy  dirfctal  Into  three  by  cviu.itrictk>n«  :   •'■.  »  •  ••'  wfcjob 

■bow*  an  appearance  of  being  eonitrieted  Into  a  number  of  smaller  nnrlrl :  -,  a  10-callH  .riant  cell 
or  myalopUir,  with  resnjr  nnclH;  of,  i  »ina1W  oifelopUve,  wltb  tbrcv  nuclri ;  «— i,  proper  celli  of 
the  marrow.    (B.  A.  Schafcr.) 


Periosteum  and  Nutrient  Blood-vessels. — The  surfaces  of 
bones,  except  the  part  covered  with  articular  cartilage,  aro  cloiln-d 
by  a  tough,  fibrous  membrane,  the  periosteum  ;  and  it  ifl  from  tin- 
biood-vessels  which  are  distributed  in  this  membrane,  that  the  bones, 
especially  their  more  compact  tissue,  aro  in  great  part  supplied  with 
nourishment;  minute  branches  from  the  periosteal  vessels  enter  tin- 
little  foramina  on  the  surface  of  the  bone,  and  find  their  way  to  the 
rsiau  canals,  to  be  immediately  described.  The  long  bones  are 
supplied  also  by  a  proper  nutrient  artery  which,  entering  at  sonic 
part  of  the  shaft  so  as  to  reach  the  medullary  cavity,  breaks  up  into 
branches  for  the  supply  of  the  marmw,  HOT)  which  again  small 
vessels  are  distributed  to  the  interior  of  I  ho  bona  Other  small 
blood-vessels  piorce  the  articular  extremities  for  the  supply  of  the 
cancellous  tissue. 

Microscopic   Structure  of  Bone. — Notwithstanding  the  differ- 
ences of  arrangement  just   mentioned,  the  structure  01  all  D0D.C 
found  under  the  microscope  to  l>e  essentially  the  same. 
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Examined  with  a  rather  high  power  its  substance  is  found  to 
contain  a  multitude  of  small  irregular  spaces,  approximately  fusi- 
form in  shape,  called  lacuna,  with  very  minute  canals  or  canalicidi 
leading  from  them,  and  anastomosing  with  similar  little  prolonga- 
tions from  other  lacunae  (fig.  83).  In  very  thin  layers  of  bone,  no 
other  canals  but  these  may  be  visible  ;  but  on  making  a  transverse 
section  of  tho  compact  tissue  as  of  a  long  bone,  e.g.,  the  humerus  or 
ulna,  the  arrangement  shown  in  fig.  83  can  be  seen. 

The  bone  seems  mapped  out  into  small  circular  districts,  at  or 
about  tho  centre  of  each  of  which  is  a  hole,  around  which  is  an 


fin .  W.  —  Transverse  Motion  of  compact  boor  tissue  (of  liunt rus).  Throe  of  the  Haversian  canals  are 
seen,  with  their  eonnentrtr.  rings ;  also  the  lemur,  with  the  ranalirull  cxiemiinK  frnm  them  across 
the  direction  of  tlie  lamella?.  The  Haversian  aperture*  were  tilled  with  air  awl  u-'brhi  In  crindlnic 
down  the  section,  and  therefor*  appear  black  in  the  ngure,  which  represents  the  object  as  viewed 
with  lntiMUiUte<l  llxht.     The  H**rr.i*:i  . v«.t..r»s  are  *o  closely  pact  '-lion,  thai  scarcely 

any  iulmlUial  lamella?  are  visible.     K  IX.    (Sharpey.) 

appearance  as  of  concontric  layers ;  tho  lacuna  and  canaliculi  follow 
tho  same  concontric  plan  of  distribution  around  the  small  hole  in  the 
centre,  with  which  indood  thoy  communicato. 

On  making  a  longitudinal  section,  the  emit  ml  holes  are  found  to 
bo  simply  the  cut  extremities  of  small  canals  which  run  lengthwise 
through  the  bone,  anastomosing  with  on  li  other  by  lateral  branches 
(fig.  84);  these  canals  are  called  Haversian  canals,  after  the  name 
of  the  physician,  Clopton  Havers,  who  first  accurately  described 
them. 

The  Haversian  canals,  the  average  diameter  of  which  is  -^  of 
an  inch,  contain  blood-vessels,  and  by  means  of  thorn  blood  is  conveyed 
to  all,  oven  the  densest  parts  of  tho  bono;  the  minute  canal  iculi  and 
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lacunie  take  up  the  lymph  exuded  from  tho  Haversian  Mood-vessels, 

and  convoy  it  to  the  substance,  of  the  bone  which  they  traverse. 
blood-vessel  the 

Haversian    canals    both    from 

nrithou!  \>y  traversing  the  smell 

holes  wlii-Ii  exifll  oil  the  surface 

of  all  1"  lbs  peri 

teuui,  and  from  within  by  m< 

of  small  extend 

from  tho  medullary  cavity,  or 

from  tlio  eenoelTi  i  ■•    Xhe 

arteries  I  usual ly  oeo  U  |  ij 

separate  canals,  and  the  vein.-, 

which  are  tho  larger,  often  pre- 
sent, fit  irregular  intervals,  small 

pouch  like    dilatations.      Nerve 

filaments  are  also  found  Lu  tho 

Ssveraian   <  .n  n.i  1  =-> ,  and  a  little 

connective  tissue  with  cleft-lihf. 

lymph  Spaces.    The  larger  canals 

may  contain  a  few  marrow  cells 
The  lacunae  are  occupied  by 

branched  colls,  which  are  called 

bone-cells,  or  bone- corpuscles  (fig. 

85);   these    closely   resemble    ordin  niched    connective-tissue 

corpuscles.     Kono  is  thus  essentially  connective  tissue,  the  ground- 

substance  of  which  is  impregnated 
with  lime  salts.  The  bone-cor- 
puscles  with  their  processes,  occu- 
pying the  lacuna*  and  canaliculi, 
correspond  exactly  to  the  conncc- 
t  issue  corpuscles  lying  in 
branched  spaces.    The  coin. 

the  lacunte  by  the  canali<nli 
allows  the  nutrient  lymph  to  pass 
from  place  to  place. 

Lame  Urn  of  Compact  Bone. — 
In  the  shall  "i  a  long  bono  three 
distinct  sets  of  lamella;  can  be 
clearly  recognised. 

1.  Circumferential  lamellee; 
these  are  concentrically  arm 

math  the  periosteum,  and 
-Butip-ciurbudiue.  imu  Uutr  proeama     around  the  medullar 
£,:  "*»*  2.  Haversian    lamulUe;     these 


»1  •wlisn  from  tlie  tinman  altta, 
(Rollctt.) 


ihowlru 
coll. 


venlaei  canaM,  laenn*,  ao<1  eanall. 
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are  coneontrically  arranged  around  the  Haversian  canals  to  the 
number  of  six  to  eighteen  around  each. 

3.  Interstitial  lamellae;  these  connect  the  systems  of  Haversian 
lainelke,  filling  the  spaces  .   u.>  n;:  and  ronseqiiontly  attaining 

lopme&t  where  the  Haversian  systems  are  few,  and 
vice  vend. 

Tim  ultimate  structure  of  the  lainollie  is  fibrous.  If  a  thin  film 
bo  peeled  off  the  surface  of  a  Ixtne,  from  which  the  earthy  matter  has 
been  removed  by  aofd,  and  examined  with  ■  higii  powei  ox  the  micro- 
scope,  it  will  be  found  composed  of  very  slender  fibres  decussating 
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Ki<  .  M.  Thin  Ujrrrjje«lml 
off  from  a  BoftenM  bone. 
Tkte  (Igunp,  which  li  in- 

I    Ui   r»[in-. 

ilar  ■tractai 

ImiU'llii.    rifM    u 

liina   of  Inn  (ilijr.'t  when 

Ih'M     r»t!i«r    farthor    Off 

IIibii  umsi  from  ti. 
-     fHl.«rj*y.) 


l''i>  .  -:.  Laiuell*  turn  of!  fnrtn  u  iln:«lclB<>l  human 
utrieUI  buna  il  mini!  ilnjjlh  fivm  lii»  surface. 
.  .  iAmelhc,  ahowini;  InlorcroMing  fibres; 
irk«  part,  whore  several  lamrllif  «jt 
IkmkI  ;  i,  perforating filirm.  Arx-rtura,  through 
whWb  ptrtoratim:  llbr*«  had  [4un|,  uro  MM) 
NMdijnr  In  the  Wrr  part,  a,  a,  of  the  tlgiipr>. 
(All«n  TliomKin.) 


obliqni  ly,  hut  coalescing  at  the  points  of  intersection,  as  if  hero  the 
fibres  were  fused  rather  than  (fovea  together  (fig.  86).  These  are 
0  ailed  the.  Intercrossing  fibres  of  Sharpcy ;  they  correspond  to  the  white 
fibres  of  connective  tissue,  and  form  the  source  of  the  gelatin  obtained 
by  boiling  k>ne. 

In  many  cases,  as  in  the  parieteJ  bone,  the  lamellae  are  perforated 
by  tapeting  fibres  culled  the  perforating  fibres  of  Sharpey,  resembling 
in  character  the  ordinary  white  or  more  rarely  the  elastic  fibrep, 
which  bolt  the  neighbouring  lamellae  together,  and  may  be  drawn  out 
when  the  latter  are  torn  asunder  (fig.  87).  These  perforating  fibres 
n  k  mate  from  ingrowing  processes  of  the  periosteum,  and  in  the  adult 
still  retain  their  connection  with  it. 
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Development  of  Bone. — From  the  point  of  view  of  their  develop- 
ment, all  bones  may  be  subdivided  into  two  classes: — 

|  Those  which  are  ossified  directly  or  from  the  first  in  a  fibrous 
inc  afterwards  called  the  periosteum — e.g.,  the  bones  I 
the  vault  of  the  skull,  ;  frontal,  and  a  certain  portion  of  tin- 

occipital  bones. 

(b.)  Those  whose  form,  previous  to  ossification,  is  laid  down  in 
hyaline  cartilage — e.g.,  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied 
in  bones  which  are  not  preceded  by  cartilage;  and  without  a  know- 
ledge of  this  process  (ossification  in  membrane),  it  is  impossible  to 
understand  tho  more  complex  series  of  changes  through  which  s> 
a   structure  as  the  cartilaginous  femur  of  the  foetus  passes  in  its 

^formation  into  tho  bony  femur  of  the  adult  (ossificatinn  in 
cartilage). 

Ossification  in  Membrane. —The  membrane,  afterwards  forming 
the  ]>eriosteum,  from  which  such  a  bone  as  the  parietal  is  develop 
consists  of  two  layers — an  external  fibrous,  anil  an  internal  cellular  or 
ostao-genelir. 

The  external  layer  is  made  up  of  ordinary  fibrous  tissue.  The 
internal  layer  consists  of  a  network  of  fine  fibrils  with  a  largo  number 
of  nucleated  cells  (osteoblasts),  some  of  whirl)  axe  ovaij  others  drawn 
init,  into  long  branched  processes:  it  is  more  richly  supplied  with 
oapillariee  than  the  outer  layer.  It  is  this  portion  of  tho  periosteton 
which  is  immediately  concerned  in  the  formation  of  bono. 

In  such  a  bone  as  tho  parietal,  ossification  is  preceded  by  an  in- 
crease in  the  vascularity  of  this  membrane,  and  then  spicules,  starting 
from  11  centre  of  ossification  near  the  centre  of  the  future  bone,  shoot 
in  all  directions  towards  tho  periphery.  Theso  primary  bone 
spicules  consist  of  fibres  which  are  termed  osteo-genetic  fibres ;  they 
are  composed  of  a  soft,  transparent  substance  called  osteogen,  annum 
and  between  which  calcareous  granules  are  deposited.  The  fibres  in 
their  precalcified  state  are  likened  to  bundles  of  white  fibrous  tissue, 
to  wmeh  tiny  trs  similar  in  chemical  composition,  but  from  which 
they  differ  in  being  stifFer  and  less  wavy.     Tin  tod  granules 

after  a  time  become  so  numerous  as  to  imprison  the  fibres,  and  l.iony 
spicuhe  result.  By  the  junction  of  the  osteo-genetic  fibres  and  their 
resulting  bony  spicules  B  meshwnrk  of  bone  is  formed.  The  osleo- 
geneiir  fibres,  Which  beOCfflOe indisti net  as  calcification  proceeds 
in  tho  lamella)  of  adult  bone  as  (he  intercrossing  fibres  of  Sharpey. 
Tho  osteoblasts,  being  in  part  retained  within  toe  bony  layers  thus 
produced,  form  bone  corpuscles.  On  the  bony  trabecular  first  formo.d, 
layers  of  osteoblastic  cells  from  the  osteo-genetic  layer  of  the  perios- 
teum repea:  -ess  just  described;  and  as  this  occurs  in  several 
thicknesses,  and  also  at  the  edges  of  the  spicules  previously  formed, 
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the  bone  increases,  both  in  thickness,  length  and  breadth.  The  pro- 
cess is  not  completed  by  the  time  the  child  is  born ;  hence  the  fonta- 
nellos  or  still  soft  places  on  the  heads  of  infants.  Fig.  88  represents 
u  small  piece  of  the  growing  edge  of  a  pariotal  bono. 

The  bulk  of  the  primitive  spongy  bono  is  in  time  converted  into 
compact  bony  tissue,  with  Haversian  systems.  Those  portions  in  il  - 
interior  not  converted  Into  bone  liocomo  filled  with  the  red  marrow 

lie  cancellous  tissue. 

Ossification  in  Cartilage. — Under  this  heading,  taking  the  femur 


Vta.  88.—  Part  of  the  KTowiuj*  wl.t  of  Lhe  developing  l*ric>Ul  lone  of  »  f  Hal  cat.  ip,  Bonjr  «plculn*  with 
wrm  of  th(i  nat*obluta  Imbedded  in  thorn,  |irodnririg  tbo  lacuiui- ;  of,  ontaotfauic  tibrr*  prolonging 
tho  cplculn  with  oitcoblaiU  (m<)  bctwoeu  tliam  ami  appllod  to  them.    (Soli 


or  any  other  long  bone  as  an  example,  we  have  to  consider  the  process 
by  which  the  solid  cartilaginous  rod  which  represents  the  bone  in  the 
fcctus  is  converted  into  the  hollow  cylinder  of  compact  bone  vitib 
expanded  ends  formed  of  cancellous  tissue  of  which  the  adult  bono  is 
made  up.  We  must  bear  in  mind  the  fact  that  this  foetal  cartila- 
ginous femur  is  many  times  smaller  than  even  the  medullary  cavity 
of  the  shaft  of  tho  mature  bono,  and,  therefore,  that  not  a  trace  of  the 
original  cartilage  can  bo  present  in  the  femur  of  the  adult.  Its  pur- 
pose is  indeed  purely  temporary;  and,  after  its  calcification,  it  is 
gradually  and  entirely  absorbed. 

The  cartilaginous  rod  which  formt  the  precursor  of  a  foetal  long 
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bone  is  sheathed  in  a  membwaa 
exactly  resemhlt\s  the  periosteum 
layers,  in  the  deeper  one  of  which 
spheroidal  and  branched  cells 
predominate  and  blood-vessels 
abound,  while  the  outer  layer 
MffldatB  mainly  of  fibres. 

Between  the  cartilaginous  pro- 
curement of  which  the  foetal 
long  bone  consists  and  the  adult 
bone  there  are  several  inter- 
mediate stages. 

The  process  may,  however,  be 
most  conveniently  described  as 
occurring  in  throe  principal 
riagea, 

The  first  stage  consists  of  two 
Bets  of  changes,  one  in  the  carti- 
lage, the  other  under  the  peri- 
chondrium. These  take  place 
sido  by  sida  In  the  cartilage 
(he- oalla  in  the  middle*  become 
enlarged  and  separated  from  one 
another.  The  eartilago-colta  OB 
each  side  got  arranged  in  rows  in 
the  direction  of  the  extremities 
of  the  cartilaginous  rod.  If  at 
this  stage  one  cuts  the  little  em- 
bryonic bone  with  a  knife,  the 
knife  encounters  resistance,  and 
there  is  a  sensation  of  gr it tineas. 
Tins  is  due  to  the  fact  that  cal- 
careous particles  are  deposited  in 
the  matrix ;  and  in  consequence 
of  this  the  matrix  stains  differ- 
ently with  histological  reagents 
from  the  unaltered  matrix. 
Simultaneously  with  this,  the 
periosteal  tissue  is  forming  layer 
after  layer  of  true  bone;  this  is 
formed  exactly  En  the  tame 

*   This  is  the  OHM  in  nearly  all  the 
lorijf  bones,    tiut   in   the   terminal    | 
hogCS   the   change  occur*  first,  n- 
the  middle  but  at  their  distal  exbrernit  i-.-s. 


termed  the  perichondrium,  which 
described  above ;  it  consists  of  two 
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Km.  to.— BseUonoitwof.rUl  nTialaiij^Mt ;  tb*r*rti- 
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as  in  such  a  bone  as  the  parietal j  l>y  the  agency  of  the  osteoblasts, 
oateogenotiu  fibres,  and]  then  spicules  of  bone,  are  formed  by  deposit 
of  calcareous  matter.  As  the  layers  are  formed,  some  of  the  osteo- 
blasts got  walled  in  botwoen  the  layers,  and  become  bone  cells. 

Iji  tlin  latex  part  uf  this  stage  iIim  oaloareoua  deposit  between  the 

■iiitilago-colls  cuts  them  off  from  nutrition,  ami  t.hoy  in  consequence 

waste,   leaving  spaces   tltat  are   called    the  primary  areola.      The 

•wis  deposit  creeps    up   between    t!i  of  cartilage-colls. 


I  n  ilBcation  in  cartilage  chowlug  *<*&  of  Irr 
In  tlic  primary  »rnol».    At  \r  »n  Irrapttoa  ol  Um  nbjp 
]MirloitAil  rmny  cni«U    (Aft.  r  | 


U  are  **ti 
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enclosing  them  in  calcified  boxes  containing  one,  two,  or  moro  colls 
each.  The  wasting  of  the  cells  leads  here  also  to  the  formation  of 
primary  areolae. 

We  may  roughly  compare  the  two  sets  of  cells  engaged  in  the 
process  to  two  races  of  settlers  in  a  now  country.  The  cartilage-cells 
constitute  one  race,  and  so  successfully  build  for  themselves  calcareous 
homes  as  to  bo  completely  boxed  up ;  so  thoy  waste  and  disappear, 
leaving  only  the  walls  of  their  homos  enclosing  the  spaces  called 
primary  areolae.  The  osteoblasts,  the  other  race  of  cells  under  tho 
perichondrium,  are  forming  layers  of  true  bone  in  that  situation. 
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Some,  it  i«  truo,  got  walled  in  in  tho  process,  and  become  l>one- 
corpuscles,  bat  the  system  of  intercommunicating  lacunae  and 
canaliculi  maintains  their  nutrition. 

These  two  races  are  working  aide  by  aide,  and  at  first  do  not 
interfere  with  each  other.  But  soon  comes  B  declaration  of  war,  and 
we  enter  upon  the  second  stage  of  ossification,  which  is  very  appro- 
priately oalled  the  stage  of  irruption  (fig,  90).  Breaches  occur  in  I  be 
bony  wall  which  tho  osteoblasts  li 
buill  like  a  rirdla  round  the  oaloif  I 
cartilage,  and  through  these  the  | 
chondrial  tissue  pours  an  invading  army 
into  the  calcified  cartilage.  This 
sists  of  osteoblasts,  the  bone  formers; 
osteoclasts,  or  the  bone  destroyers;  the 
Ut  tor  are  large  cell* , 

loplaxes  found  in  marrow  (fig.  82).  There 
are  also  a  few  fibres,  and  a  store  of 
nutrient  supply  in  tho  shape  of  blood- 
vessels, 

Saving  got  inside,  the  osteoclasts  sot 
to  work  to  demolish  the  homes  of  tho 
cartilage-cells,  tho  walls  of  the  primary 
areolae,  and  thus  largo  spaces  are  ton 
which  are  called  the  secomlary  areola,  or 
the  medullary  spaces.  On  tho  ruins  of 
the  calcified  cartilage,  the  osteoblasts  pro 
ceed  to  deposit  true  bono  in  layers,  just 
as  they  were  wont  to  do  in  their  own 
country,  undor  the  periosteum. 

The  third  stage  of  ossification  is  a 
repetition  of  these  two  stages  towards  the 
extremities  of  the  cartilage.  Tho  carti- 
lage-cells  get  flattened  and  arranged  in 
rows;  calcareous  deposit  occurs  around 
these,  and  primary  areolae  result;  then 
follows  tho  advance  of  the  subperiosteal 
tissue,  the  demolition  of  the  primary 
secondary  areola*,  and  the 
layor   upon  layer  is  still 

ami  those,  from  being  at  first  a  mere  girdle  round  the  waist  of  (the 
bone,  now  extend  towards  its  extremities. 

The  next  figure  (fig.  91 )  is  a  magnified  view  of  the  line  of  advance. 

The  bone  which  is  first  formed  is  less  regularly  lamellar  than  that 
of  the  adult.  Tho  lamellae  are  not  deposited  till  after  birth,  and 
their  formation  is  preceded  by  a  considerable  amount  of  absorption. 
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G4 


THE   CONNECTIVE  TISSUES 


[cn   v. 


To  carry  our  simile  further,  the  osteoblasts  are  not  satisfied  with  tin 
rough  constructions  that  they  were  first  able  to  make,  but  having 
exterminated  the  cartilage,  they  destroy  (again  through  the  agency 
of  tho  regiment  of  giant  osteoclasts)  their  first  work,  and  builil 
lamella-,  leaving  lacuna?  for  the  aeeoinmodatiun  "f  thoso  who  desire  to 
retire  from  acti\n  warf.m-. 

A I  khiL  tins  time,  too,  the  marrow  cavity  is  formed  by  the  absorp- 
tion of  the  bony  tissuo  that  originally  occupied  the  centre  of  the 
shaft.  Here  the  osteoclasts  have  again  to  do  the  work,  and,  with  this 
final  act  of  destruction,  all  remains  of  any  calcified  cartilage  of  the 
foetal  bone  entirely  disappear. 

The  formation  of  a  so-called  cartilage  bone  tfl  thus,  after  all,  a 
fui  mat  -ion  ol  bone  by  subperiosteal  tissuo,  just  as  it  is  in  the  so-called 
membrane  bono. 

After  a  time  the  oartttage  at  the  sods  el  the  shaft  begins  to  ossify 
independently,  and  the  epiphyses  are  formed.  They  are  not  joined 
on  to  the  shaft  rill  late  in  life,  BO  that  growth  of  the  bone  in  length 
can  continue  till  union  takes  plu' 

Bone  grows  in  width  by  the  deposition  of  layers  under  the  perios- 
teum, Like  successive  rings  formed  under  tho  bark  of  a  growing  tree. 
This  was  shown  long  before  the  histological  details  winch  we  have 
described  were  made  out  !>;.  v.     Silver  rings  wore  placed  by 

Duhamel  around  tho  bones  <>i  young  pigeons.  When  killed  later,  the 
tings  wore  completely  severed  in  by  bono;  and  in  the  animals  killed 
last,  were  even  found  in  the  central  cavity.  Another  series  of  experi- 
ments with  pigs  was  made  by  the  celebrated  John  Hunter.  The 
young  animals  were  fed  alternately  on  ordinary  food  and  food  dyed 
by  the  red  pigment  madder.  The  new  bony  tissue  acts  hko 
what  dyers  called  a  "mordant":  it  fixes  the  dye,  and  the  rings  of 
bone  deposited  during  the  madder  periods  were  distinctly  red  in 
colour. 

The  importance  of  the  periosteum  in  bone  formation  is  now 
recognised  by  surgeons.  When  removing  a  piece  of  bone  they  are 
careful,  if  possible,  to  leave  the  periosteum  behind :  this  leads  to 
regeneration  of  the  lost  bono.  If  it  is  absolutely  necessary  to  remove 
tho  periosteum,  successful  cases  have  occurred  in  which  tho  living 
periosteum  from  an  animal  has  effectively  been  transplanted. 


The  Teeth. 


During  the  coarse  <-f  his  life,  man,  in  coummn  with  most  other 
mammals,  is  provided  with  two  sets  of  teeth;  the  first  set,  called  the 
temporary  or  milk-teeth,  makes  its  appearance  in  infancy,  ami  is  in 
the  course  of  a  few  years  shed  and  replaced  by  tho  second  or  per- 

'Cat  sot. 
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The  temporary  or  milk-teeth  have  only  a  very  limited  term  of 
existence. 

They  are  ten  in  numher  in  each  jaw,  namely,  on  either  side  from 
the  middle  line  two  incisors,  one  canine,  and  two  deciduous  molars, 
and  are  replaced  by  ten  permanent  teetk     The  number  of  permanent 


K»..  «.— Xormal  will -funned  Jawa.  dram  •Idch  tlrt  alveolar  plate  lia*  tern  in  gnat  jiar.  rrmovinl,  iu 
m  to  expose  the  developing  permanent  tooth  la  Ui«ir  cry  pu  la  th«  jaw*.    (Tomu.) 

teeth  in  each  jaw  is,  however,  increased  to  sixteen  by  the  develop- 
ment of  three  molars  on  each  side  of  the  jaw,  which  are  called  the 
permanent  or  true  molars. 

The  following  formula  shows,  at  a  glance,  tho  comparative  arrange- 
ment an  r  of  the  temporary  and  permanont  teeth  : — 


Temporary  Teeth. 
Mi  hum:  Lisi:  Of  Jaw. 


2 


I 


on  "■■'■ 
2 
2 


2  =  10 
2-10 


-20 


MOLAR*. 


atCVaMDB 

ua  roc- 
2 


Permanent  Teeth. 
Mnwitii  Lou  w  Jaw. 

mcianiu.      caputs. 
2  1 


CJ.SOM.        I.xCllOXK. 


BIcntPJIM 
OR  I'F.X- 
MOlaKX. 

•i 


MOI.*»«. 


From  this  formula  it  will  l>o  seen  that  tho  two  bicuspid  or  pre- 
molar teeth  in  the  adult  are  the  successors  of  the  two  deciduous 
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molars  in  the  child.  They  differ  from  them,  however,  in  some 
respects,  the  temporary  molars  having  a  stronger  likeness  to  the  per- 
manent than  to  their  immediate  descendants  the  so-called  bicuspids, 
besides  occupying  more  space  in  the  jawa 

The  temporary  incisors  and  canines  differ  from  their  successors 
but  little  except  in  their  smaller  size  and  the  abrupt  manner  in  which 
their  enamel  terminates  at  the  necks  of  the  teeth,  forming  a  ridge  or 
thick  edge.  Their  colour  is  more  of  a  bluish-white  than  of  a  yellowish 
shade. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teeth.  In  both  cases  the  eruption  of  any 
given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the  corresponding 
tooth  of  the  upper  jaw. 

Temporary  or  Milk  Teeth. 
The  figures  indicate  in  months  the  age  at  which  each  tooth  appears. 


DECIDUOUS 

nun 

MOLARS. 


12 


18 


DCCIDL-Ol'S 
SECOND 
MOLARS. 


24 


Permanent  Teeth. 
The  age  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  years. 


KIR8T 
MOLARS. 


BICUSPIDS  OB  PR1- 

MOLARS. 


CENTRALS.        LATERALS.  FIRST.  SECOND. 


10 


11 


12 


THIRD 
MOLARS  OR 
WISDOMS. 


17  to  25 


The  times  of  eruption  given  in  the  above  tables  are  only  approxi- 
mate: the  limits  of  normal  variation  are  tolerably  wide.  Certain 
diseases  affecting  the  bony  skeleton,  e.g.  Kickets,  retard  the  eruptive 
period  considerably. 

It  is  important  to  notice  that  it  is  a  molar  which  is  the  first  tooth 
to  be  cut  in  the  pormanent  dentition,  not  an  incisor  as  in  the  case  of 
the  temporary  set,  and  also  that  it  appears  behind  the  last  deciduous 
molar  on  each  side. 

The  third  molars,  often  called  Wisdoms,  are  sometimes  unerupted 
through  life  from  want  of  sufficient  jaw  space  and  the  presence  of 
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the  other  teeth;  oaeoa  of  whole  f amilics  in  which  thi  ace  is  a 

characteristic  feature  are  occasionally  met  with. 

i  >a  the  teeth  are  fully  orupted  it  will  be  observed  that  i  be  upper 
incisors  and  canines  project  obliquely  over  the  lev  teeth,  and 

the  external  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those 
of  the  correspond  in;_:  teeth  in  the  lower  jaw.  This  arran 
allows  to  sowo  extent  of  a  scissor-like  action  in  dividing  and  hi  ling 
food  in  the  case  of  incisors ;  and  a  grinding  motion  in  that  of  the 
bicuspids  and  molars  when  the  side  to  sido  movements  of  the  lower 
jaw  bring  the  external  cusps  of  tbo  lower  toeth  into  direct,  articula- 
tion with  those  of  the  upper,  and  then  cause  them  to  glide  down  the 
inclined  surfaces  of  the  external  ami  up  the  internal  cusps  of  these 
same  upper  teeth  during  the  act  of  mastieatlon, 

Tho  work  of  the  canine  toeth  in  man  is  similar  to  that  of  his 
incisors.     Besides  being  a  firmly  implanted  tooth  and  one  of  stronger 
substance  than  tho  others,  the  canine  tooth  is  important  in  presen  I 
tho  shape  of  the  angle  of  the  mouth*  and  by  its  aha]  bei 

pointed  or  blunl  becomes  a  character  tooth  of  the 

dentition  as  a  whole  m  both  males  and  females. 

Another  feature  En  the  fully  developed  and  properly  articulated 
set  of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  each 
tooth  is  in  opposition  with  two,  except  the  upper  Wisdom,  usually  a 
small  tooth.  This  is  the  result  of  the  greater  width  of  the  upper 
incisors,  which  so  arranges  tho  "bito"  of  tho  other  teeth  that  tho 
lower  cuninu  closes  in  front  of  the  upper  oue. 

Should  a  tooth  be  lost,  therefore.it  does  not  follow  that  its  former 
opponent  remaining  in  tho  mouth  is  tendered  useless  and  thereby 
liable  to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion 
commonly  seon  in  teeth  that  have  no  work  to  porform  by  reason  of 
absence  of  antagonists. 

Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  possessing  a  crown,  neck',  and  root. 

Tho  crovm  is  tho  portion  which  projeotfl  beyond  the  lovel  of  tho 
pun.    The  aeoJb  is  that  constricted  portion  just  below  tho  erown 
which  is  embraced  by  the  free  edges  of  the  gum  ;  and  the  root  inchii 
all  below  tl. 

On  making  longitudinal  usvorse  sections  through  its  centre 

(figs.  93,  94),  a  tooth  is  found  to  be  composed  of  a  hard  material, 
dentine  or  ivory,  which  is  moulded  around  a  central  cavity  which 
resombles  in  general  shape  the  outline  of  the  tooth  ;  the  cavity  is 
called  tho  pulp  cavity  from  its  containing  the  very  vascular  and 
sensitive  pulp 

The  tooth-pulp  is  composed  of  loose  connective  tissue,  blood-vessola, 
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The  blood-vessels  and  norvos  enter  the  pulp  through  a  small  open- 
ing at  the  apical  extremity  of  each  root.  The  exact  termination*  of  the 
nerves  are  not  definitely  known.  They  have  never  been  observed  to 
enter  the  dentinal  tubes.     No  Lymphatics  have  been  seen  in  tho  pulp. 

A  layer  of  I  I  calcareous  mutter,  the  enamel,  caps  that  part 

of  the  dentine  which  projects  beyond  the  level  of  the  gum ;  while 

lathing  tho  portion  pi  which  is  beneath  tho  level  of  the 

gum,  is  a  layer  of  true,  bone,  called  the  cement  or  crueta  pelrosa. 

At  the  neck  of  the  tooth,  where  the  enamel  and  cement  come  into 
contact,  each  is  reduced  to  an  exceedingly  thin  layer ;  hen  the  remont 
overlaps  the  enamel,  an  1  is  prolonged  over  it.  On  the  surface  of  the 
crown  of  the  tooth,  when  it  first  comes  through  tho  jaw,  is  a  thin 
membrane  called  Nasmyth's  membrane,  or  the  cuticle  of  the  tooth. 
Tho  covering  of  enamel  becomes  thicker  towards  the  crown,  and  the 
cement  towards  tho  lower  end  or  apex  of  the  root. 


Dentine  or  Ivory. 

Dentine  olosjly  resembles  bono  in  chemical  compositioa  It  con- 
tain?,  however,  only  10  per  cent,  of  water.  The  proportion  in  a 
hundred  parts  of  tho  solids  is  about  twenty-eight  animal  to  seventy- 
two  of  earthy  matter.  The  former,  like  the  animal  matter  of  bone, 
may  be  converted  into  gelatin  by  boiling.  It  also  contains  a  trace  of 
fat.  The  earthy  matter  is  made  up  chiefly  of  calcium  phosphate,  with 
a  small  portion  of  the  carbonate,  and  traces  of  calcium,  Jluoride  and 
magnesium  phosphate. 

Under  the  microscope  dentine  is  seen  to  be  finely  channelled 
by  a  multitude  of  delicate  tubes,  which  by  their  inner  ends  com- 
municate with  the  pulp-cavity,  and  fay  thoir  outor  extremities  come 
into  contact  with    tho  under  part  of  tho  enamel  and  Q  mi 

OBtames  even  penetrate  them  tot  D  greater  or  loss  distance  (figs.  95, 
.97).     The  matrix  in  which  those  t  is  composed  of  "  a  reticulum 

iiie  fibres  of  connective  tissue  modified  by  calcification,  and  where 
that  process  is  complete,  entirely  hidden  by  the  densely  deposited  lime 
salts"  (Mummery). 

In  their  course  from  the  pulp-cavity  to  the  surface,  the  minute 
tubes  form  gentle  ind  nearly  pazauel  curves,  and  divide  ftfidsnbdb i 
diohotomouiny,  but  without  much  lessening  of  their  calibro  until  they 
approach  their  peripheral  terminal. i mi. 

From  their  sides  proceed  other  exceedingly  minute  secondary 
canals,  which  extend  into  the  dentine  between  the  tubules  and 
anastomose  with  each  other.  The  tubules  of  the  dentine,  the  average 
diameter  of  which  at  their  inner  and  larger  extremity  is  i5Vff  of  an 
inch,  oontain  fine  prolongations  from  the  tooth-pulp,  which  give  the 
dentine  a  certain  faint  sensitiveness  under  ordinary  circumstances,  and, 
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without  doubt,  have   to  do  also  with  its  nutrition      These  prolonga- 
tions from  t,hn  t(ioi,li-]iul].  are  prooeottfl  of  tl  oils  or  odonto- 
tho   culuuimir   06UI9    lining    the    [uilp-o.iv il y  ,    tin-    li'l.iticm    o( 
processes  to  the  tul-ulrs  in  which  they  lie  is  precisely 

>ce88eB  h  MclflB  to  the  caoalionli  of  I 

TIk'  outer  portion  of  bba  dentinal  underlying  the  cement,  and  the 
enamel  boa  much  les  ui,  forma  a  more  or  less  distinct  layer 

termwl  the  nramdnr or  ivtcryhbutar  layer (fig.  95).     It  is  ohai        I    ad 


NxiUou  ula  MnfafJ  -jf  th-  dtBttM  and  em  la  of  tha  roo'  I  l-wtli. 

i-        .11      i  .1 .  ...•Ing.aomeofUwni  m  lluHMt-rsluhalar  apncaa ''«'' • 

Innar  layw  of  tbn  eemen  - 1 'ftr  uf  re«n"1 HAM 

y,  can.l'i. ■„:;      .  .v.o     (KSMkar.j 

by  the  presence  of  a   number  of   irregular    minute  cavities.     The 
lanation  of  those  will  be  8660  when  we  study  the  development  of 
a  tooth. 

Knxtviel. 

Knamel  is  by  far  the  hardest  tissue  in  the  body;  it  isi  imposed  of 
the  same  inorganic  com]  that  enter  into  the  composition  of 


Krmnirl  |irt*m».     A,  fragtnriibi  and  ainijlr  |in«ms  Qf  Hie  tmuVMaa]  ninipl.  i«ilale>l 

by  t.K«:  Beaton  m  hydrochloric  »•  hi.     B,  surface  of  a  am*U  fragment  of  mama),  »liowing  Mm  h«ia- 
goual  euda  of  tha  Obrea  with  darker  coutre*.      »  JM.     (Kollikur.) 
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dentine  and  bona.     According  to  Tomes,  it  contains  no  animal  mar 
at  all  and  only  S  as  '.I  per  cent,  of  water.     Gelatin  is  a  characteristic 
product  of  connective  tissue,  and  enamel  is  not  a  connective  tLs- 
but  is  epithelial  In  origin. 

Enmini  r  the  microscope,  enamel  is  found  composed  of  six- 

sided  prisms  (figs.  90,  97)  rib™  of  an  moh  in  diameter,  which  are  sot 
on  end  on  the  surface  of  Che  dentine,  ami  fit 
into  corresponding  depressions  in  the  Bam 

They  radiate  in  such  a  manner  from  the 
dentine  that  at  the  top  of  the  tooth  they  are 
more  or  less  vertical,  wlulo  towards  the  sides 
they  tend  to  the  horizontal  direction.  Like 
the  dentine  tubnlee,  they  an  not  straight,  hut 

oeed  in  ■  id  penile]  curves.     The 

us  are  marked  by  transverse  lines  and  are 
soli-]. 

The  enamel  prisms  are  connected  together 
by  ;i  very  minute  quantity  of  hyaline  cement 
substance.  In  the  deeper  part  of  the  enamel, 
liotwceii  the  prisms,  aro  often  small  lacuna, 
which  have  tlio  processes  or  fibrils  lying  in 
the  dentinal  tubes  in  c.n  noction  with  them 
<  lur.  97,  c>. 

Crusla  Petrosa. 

The  crusta  pttrosa  or  cement  (fig.  95,  e,  d)  is 
composed  of  true  bone,  and  in  it  are  lacunae  (/) 
and  canaliculi  {rj),  which  sometimes  communi- 
cate with  the  outer  finely  branched  ends  of 
the  dentinal  tubules,  and  generally  with  the 
interglobular  spaces.  Its  lamin©  aro  bolt*'  I 
gather  by  perforating  Bbrea  like  those  of  ordi- 
nary bono  (Sharpcy's  fibres).  Dement  differa 
from  ordinary  bone  in  possessing  no  1 1 
canals,  or,  if  at  all,  only  in  tho  thickest  pelt, 
Such  canals  are  more  often  met  with  in  teeth 
with  the  cement  hypertroplued  than  in  the 
normal  tooth. 


I    la  mcUuii   i 

•Mlflrl.  *ii<1  »  i*i 

CutlcuUr 
a  of  t/ir  •■nami-1 
•  vtli'«  mriribniM'); 
6,  enamel  columns  rr\\M 
fljaarcM  belw#*n  th»m 
and  crew  xlrlir  ;  c,  larger 
eavttloi  In  th«  enamel. 
eiMimuriiratihg  with  UtO 
rxtmnitica  of  mmo  of 
the  dentinal  tutulra  (J). 
j:  MO.    (K.illlkw.) 


Development  of  the  Teeth. 

Tho  first  step  in  tho  development  of  the  teeth  consists  in  a  down- 
ward growth  (fig.  98,  A,  1)  from  the  deeper  layer  of  stratified  erpi- 
thelium  of  the  mucous  membrane  of  the  mouth,  which  first  bed 

ned  in  the  neighbourhood  of  tho  maxillse  or  jaws  now  in  the 
courso  of  formation.     This  process  passes  downward  into  a  recess  of 
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the  imperfectly  developed  tissue  of  the  embryonic  jaw.     The  <i 
ward  epithelial  growth  forms  the  common  enamel  or  dental  germ,  and 
sition  is  indicated  by  a  slight  groove  in  the  mucous  membrane 

of  the  jaw.  After  this  there 
is  an  increased  development 
at  certain  points  correspond- 
ing to  the  situations  of  the 
to  milk-teeth.  The  com- 
mon enamel  gorm  thus  be- 
comes extended  by  further 
growth  into  a  number  of 
special  enamel  germs  (fig. 
98,  d,)  corresponding  to  each 
he  milk-teeth,  and  con- 
nected to  the  comni' 
by  a  narrow  nnclc  (/).  Each 
tooth  is  thus  placed  in  its 
own  special  recesB  in  the 
embryonic  jaw. 

As  these  changes  proceed, 
re  grows  up  from  the 
underlying  connective  tissue 
into  each  enamel  genu  (fig, 
98,  c,  p),  a  distinct  vascular 
papilla  (dental  papilla),  and 
upon  it  tho  enaniol  germ  bo- 
002B88  moulded,  and  presents 
the  appearance  of  a  cap  of 
two  layers  of  epithelium 
separated  by  an  interval  (fig-, 
98,  C,/).  Whilst  part  of  the 
subopitholial  tissue  is  ele- 
vated to  form  the  dental 
papilla,  the  part  which  bounds 
the  embryonic  teeth  forms 
the  dental  sac  (fig.  98,  c,  s) ; 
and  tho  rudiment  of  the 
jaw  sends  up  processes  form- 
ing partitions  between  the 
teeth.  In  tiiis  way  small 
chambers  are  produced  in  which  the  dental  sacs  are  contained, 
and  thuB  the  sockets  of  the  teeth  are  formed.  The  papilla  is  com- 
posed of  nuoleated  cells  arranged  in  a  mesh- work  of  connective 
tissue,  the  outer  or  peripheral  part  being  covered  with  a  layer  of 
columnar  nucleated  cells  called  odontoblasts. 


Km  i 
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Flu.  V6.— SectLuii  of  0r>  upper  Jaw  of  a  P.i-Ul  »lwi>. 
A.— l,  common  train  >  a  ininUi* 

■iiobi    wen  •*  of  Jaw  ; 

3,  Bote  MalpiKlii.    II.    Swtiou  *liullar  to  A,  but 
pa*<ing  through  on*  of  ttit  tptclal  cuamel  gnrais 
here  becoailuu  fla»k-»U»i««l  , 
month;  /.  nrclc ;  /,  body  of  special  enamel  gwrm. 

C—  A  latar«ta«r  ;  r.  outline  of  •pHlirlium  of 
/,  in-ek  of  rnamel  grrni  :  /. <■■..  ,  p,  patiUla ; 

i,  ilrnUl  ««c  fornii:.^  ;  J  p,  the  enamitl  germ  Of  jwr. 
uiannnt  Uwth ;  nt,  bono  of  Jaw;  v,  reiwila  cut  acruat. 
(WaUegrvaod  KBUiker.) 
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These  colls  either  by  secretion,  or  as  some  think  by  direct  trans- 
formation of  the  outor  part  of  oach,  form  a  layor  of  dentinal  matrix 
OH  the  apex  of  the  papilla,  <>r  if  the  tooth  has  un.ro  than  one  cusp, 
then  at   the  apex  of  each  cusp.      This  lay  '    uiu-ah-iii^d 

(odontogeny,  but  globules  of  calcareous  matter  soon  appear  in  it. 
These,  becoming  more  numerous,  blend  into  the  first  cap  of  dentine 
In  the  meanwhile  the  odontoblasts  have  formed  a  second,  l.i . 
odontogen  within  this  (fig.  99).  and  this  in  t  urn  becomes  calcified ; 
thus  layor  after  layor  is  formed,  each  extending  laterally  furthor  than 
its  predecessor;  ti  |  blend  except  in  some  pUoes;  here  portions 

of  odontogen  ren..iiu,  whieh  in  I 
tooth  macerated  for  histological 
purposes  get  destroyed,  and  appear 
as  the  interglobular  spaces  (fig.  95), 
so  called  because  bounded  by  the 
deposit  of  calcareous  salts,  which 

irs,  as  wo  havo  already  seen,  in 
tho  form  of  globules. 

As  the  odontoblasts  retire 
towards  the  centre,  depositing 
layer  after  layer  of  dentine,  they 
leave  behind  them  long  filaments 
of  their  protoplasm  around  which 

calcareous  deposit  is  moulded ; 
thus  the  dentinal  tubules  occupied 
hv  tin-  proooMM  of  the  odoi 
hiasfs  arei  formed 

The  other  colls  'if  the  dental 
[iipilla  faun  -ho  colls  of  the 
pulp. 

Formation  of  Ike  enamel. — The  portion  of  tho  enamel  or  dental 
germ  ore  the  dental  papilla  is  at  this  stage  called  tho  enamel 

organ.     This  consists  of  four  parts  (see  figs.  100  and  101). 

1.  A  layer  of  columnar  epithelium  cells  in  contact  with  the 
dentine.  These  are  called  the  enamel  cells,  or  adamanlo- 
blasts. 

2.  Two  or  three  layers  of  sm.il lor  polyhedral  nucleated  cells,  the 
stratum  inter  medium  of  Hannover. 

3    A  matrix  of  non-vascular  jelly-like  tissue  containing  stellate 

cells. 
4.  An  outer  membrane  of  several  layers  of  flattened  epithelium 

colls. 
The  first  three  layers  on  an  enlarged  scale  are  seen  in  fig.  101. 
The  enamel  prisms  are  formed  by  the  agency  of  tho  ends  of 
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adaraantoblasts  which  abut  on  the  dental  papilla.     Each  forms  a  fine 
deposit  of  'l-.il  ii"s  staining  with  osmic  acid  and  resembling  k> 
ill  its  resistance  to  mineral  aciiL     At  ono  time  it  was  believed  that 
lantoblast  was  itself  calcified  and  convortcd  into  an  enamel 

EDfe  tins  viow  baa  been  disproved  by  recent  research.     The 
■  t  k;M-.i!i:i  !ikf  nrttorial  is  outside  tbo  bodies  of  the  cells,  although 
lOen  of  o:u_di  ad.un  mtoblast  extends  into  it  as  a  tapering  fibre 
(process  of  Tomes),  an  1  ii    is  usually  produced  simultaneously  with 

the  first  layer  of  uncalcified  den- 
tine; when  it  undergoes  calcifica- 
tion, the  first  layer  of  enamel  is 
Banplfito.  T!.'  adama&toblasti 
then  repeat  the  process,  first 
causing  a  deposition  of  keratin- 
liko  material,  and  this  in  turn  is 
calcified,  and  so  on.  During  the 
formation  of  layer  after  layer  of 
enamel,  the  adamantoblasts  retire. 
By  tho  time  the  cnaniol  is  ap- 
proaching completion  the  other 
layers  of  the  enamel  organ    b 

Nt  disappeared,  and  they  en- 
tirely disitppear  when  the  tooth 
emorgos  through  tho  gum.  But 
for  somo  little  time  thnro  is  a 
Somewhat  move  persistent  mem- 
brane covering  the  crown ;  this  is 
Nasmyth's  membrane,  or  the 
enamel  cuticle ;  this  is  the  last 
formed  keratanoua  layer  of  enamel 
•.vliii'h  has  remained  uncalcified. 

As  with  tin i  dentine)  the  for- 
mation of  enamel  appears  first  on 
the  aj>ex  of  each  cusp. 

Tli  :  cement  or  crusta  pelrosa  is 
formed  from  the  internal  tissue  of  the  tooth  sac,  tho  structure  and 
function  of  which  are  identical  with  those  of  the  osteogenetic  layer 
of   the  periosteum ;  or,  in  other   words,  ossification    in 
occurs  in  it. 

Tho  outer  layer  or  portion  of  tho  membrane  of  the  tooth  sac  forms 
tho  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a 
moans  of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction 
with  \\iv.  jjulp  a  source  of  nourishment  to  it.  Additional  lamime  of 
cement  are  added  to  the  root  from  time  to  time  during  the  life  of 
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I>KVXLOPMKNT  OK  THE  TEETH 


the  tooth  (as  is  especially  well  seen  in  tlio  abnormal  condition  called 
an  exostosis),  by  the  process  of  ossification  taking  place  in  the  perios- 
teum. On  the  otliti  ibeorption  of  the  root  (such  as  occurs 
when  the  milk-teeth  are  shed)  is  due  to  the  action  of  the  osteoclasts 
of  the  same  membrane. 

In  this  manner  the  first  sot  of  teeth,  or  the  milk-tooth,  are  fanned  . 
and  each  tooth,  as  it  grows,  presses  at  length  on  th<    wi 
sac  enclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  far 
phrase. 

The  t-emporary  or  milk-teeth  are  lat<;r  replaced  by  the  growl  I 
tlje  permanent  teeth,  which  push  t ho i i  rj  from  beneath  tln-m 


■ 
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-UlKhly  m*icnir<'  i  organ  li.  *  kitten*  rauii*,    J,  Sn|»rtl«-i«l 

Wywr  of  <I*uUm.  e,  Xmm\y  form*!  w»ov>l  •UluH  bl»ck  tijr  o*mlc  Mill  T,  Tgittw'  |iiuo*mm  fruai 
tte  *Um»i«UibU»l*,  ad. :  ttr.  <»i.,  *ti»tuin  intnrmniintn  or  the  mum]  organ,  p,  Ilranebol  edli  of 
U»*raiiMil|ia1p.    (Aft-t  K-mw.) 

Each  temporary  tooth  is  replaced  by  a  tooth  si  I  be  permanent  set 
ieveloped  from  a  mull  BM  which  was  originally  an  offshoot 
i  be  sac  of  the  temporary  tooth  vhfafa  precedes  it,  and  sailed  the 
cavity  of  reserve  (fig.  98.  c,  fp).     Thus  the  tampoxBzy  incisors  and 
rani  nee  are  succeeded  by  the  correspondin:   pennananl    ones,  fthe 
temporary  first  molar  by  tho  first   bicuspid;  the  temporary  second 
dope  two  offshoots,  one  for  the  second  bicuspid,  the  other 
i  |  MTiiianent  first  molar.     The  permanent  second  molar  is  bn 
off  from  the  first  permanent  molar,  and  the  wisdom  from  the  perma- 
nent srcuii'l  rnnlar 

Tile  pment  of  the  temporary  teeth  commences  about  the 

sixth  weak  of  intra -uterine  life,  after  the  laying  down  of  the  bony 
structure  of  tho  jaws.     Their  permanent  successors  begin   to  form 


76 


[•HI   CONKB  riVB    TOSUB 


about  the  sixteenth  week  of  intra-uterine  life.  The  second  permanent 
inolars  originate  about  the  third  month  after  birth,  and  the  wisdom 
teeth  about  thi  third  • 

The  Blood. 

A  full  consideration  of  tho  blood  will  ooffiB  later,  when  wo  know 
more  about  tho  chemical  aspects  of  physiology,  but.  ii  will  l>o  impos- 
sible to  discuss  all  the  other  phenomena  we  shall  have  to  study  in 
the  meanwhile  without  some  elementary  knowledge  of  the  principal 
properties  of  this  fluid.  For  that  reason,  and  also  to  complete  our 
Ust  of  tho  i.oimoetivo  tissues,  we  may  here  rapidly  and  briefly 
enumerate  its  principal  characters. 

The  blood  is  a  fluid  which  holds  in  BTWpoasioil  large  numbers  of 
solid  (>;u lidos  which  aro  called  the  corpuscles.  Tho  fluid  itself  is 
called  tho  plasma  or  liquor  sanguinis.  It  is  ,t  richly  albuminous  fluid  , 
and  one  01  tho  proteids  in  it  is  called  fibrinogen. 

After  blood  is  shed  it  rapidly  becomes  viscous,  and  then  sets  into 
a  jelly.  The  jelly  contracts  and  squeezes  out  of  the  clot  a  straw- 
coloured  fluid  called  serum,  in  which  the  shrunken  clot  then  tloata 

Tho  formation  of  threads  of  a  solid  proteid  called  fibrin  from  the 
soluble  proteid  we  have  called  fibrinogen  is  the  essential  act  of 
coagulation ;  this,  with  the  corpuscles  it  entangles,  is  called  the  clot. 
Serum  is  plasma  minus  fibrin.  The  following  scheme  shows  the 
relationships  of  the  constituents  of  the  blood  at  a  >_rhno 

I  Soniui 

»>"'«  |  Sp.  '  F""i"  1  «* 

Tho  corpusclos  are  of  two  chief  kinds,  the  red  and  the  white. 
Tho  white  corpuscles  are  typical  animal  cells,  and  we  have  already 
mailo  their  acquaintance  when  speaking  about  amoeboid  movements. 

The  red  corpuscles  are  much  more  numerous  than  the  white, 
averaging  in  man  5,000,000  per  cubic  millimetre,  or  400  to  500  red 
to  Bach  white  corpuscle,  li  ii  kbeM  sac!  corptunta  that  cave  febe  red 
colour  to  the  blood.  Thoy  vary  in  Bizo  and  structure  in  different 
groups  of  the  vertebrates.  In  mammals  thoy  are  biconcave  (except 
in  tho  camel  tribe,  where  they  are  biconvex)  non-nucleated  discs,  in 
man  3  ',, ,,  i]lf'h  in  diameter ;  during  fcetal  life  nucleated  red  corpuscles 
are,  however,  found.  In  birds,  reptiles,  amphibians  and  fishes  they 
are  biconvex  oval  discs  with  a  nucleus:  they  are  largest  in  the 
amphibia.  The  most  important  and  abundant  of  the  constituents 
of  the  red  corpuscles  is  tho  pigment  which  is  called  hemoglobin. 
This  is  a  protoid-hko  substanco,  but  is  remarkable  as  it  contains  a 
HMnill  .-i tin mn!.  'if  iron  (about  0'4.  per  com.  i. 

Tho  blood  during  life  is  in  constant  movement.     It  leaves  the 
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heart  by  tho  vessels  called  arteriss,  and  returns  to  the  heart  by  the 
vessels  called  veins;  tho  terminations  of  the  arteries  and  the  com- 
mencements of  the  veins  are,  in  the  tissues,  connected  by  the  Ihin- 
walled  microscopic  vessels  called  capillaries.  In  the  capillaries, 
leakage  of  the  blood-plasma  occurs;  this  exuded  fluid  (lymph)  carries 
nutriment  from  the  blood  to  the  'insuM-ek'tiir-nts,  and  removes  from 
them  the  waste  products  of  their  activity.  Tho  lymph  is  collected  by 
lymphatic  vessels,  which  converge  to  the  main  lymphatic,  called  the 
thoracic  duct.  This  opens  into  the  large  veins  near  to  their  entranco 
into  the  heart ;  and  thus  the  lymph  is  returned  to  the  blood. 

But  blood  is  also  a  carrier  of  oxygen,  and  it  is  the  pigment 
haemoglobin  which  ia  the  oxygen  carrier;  in  the  lungs  the  hsemoglnliin 
OOOabmee  with  the  oxygen  or  the  air,  and  forms  a  loose  compound  of 
a  bright  scarlet  colour  called  oxyhemoglobin.  This  arterial  or  oxy- 
genated blood  is  taken  to  the  heart  and  thence  propelled  by  the 
arteries  all  over  the  body,  where  the  tissues  take  the  respiratory 
oxygen  from  the  haemoglobin,  and  this  removal  of  oxygen  changes 
the  colour  of  blood  to  the  bluish-red  tint  it  has  in  tho  veins.  The 
veins  take  the  blood  minus  a  large  quantity  of  oxygon  and  plus  a 
large  quantity  of  carbonic  acid  received  in  exchange  from  the  tissues 
to  tho  heart,  which  Bends  it  to  tho  lungs  to  get  rid  of  its  surplus 
carbonic  acid,  and  replenish  its  store  of  oxygen ;  then  the  same  round 
begins  over  again. 
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Muscle  is  popularly  known  as  flesh,  h  ponoBBOB  Llio  power  of  con- 
traction, anil  ia,  in  tho  higher  normals,  tho  tissue  by  whirh  their 
ninvemonts   are   oxecuted.      Tlio   muscles   may   bo   drri  CD   a 

|/liv.si.>!n-jr:il  standpoint  into  two  groat  classes,  tho  voluntary  muscles, 
those  which  are  under  the  control  of  the  will,  an<I  the  involuntary 
muscles,  those  which  are  not  Tin:  ei  infraction  of  the  iuvohmt. 
muscles  is,  however,  controlled  by  the  norvouB  system,  onl)'  l>y  a 
different  part  of  the  nervous  system  from  that  which  controls  the 
ity  of  the  voluntary  muscles. 

When  muscular  tissue  is  examined  with  the  microscope,  it  is 
seen   to  be  made  up  of  small  mid,  thread-like  structures,  which 

are  called  muscular  "fibres ;  these  are  boo&d  blfco  brUHflea  by  connective 
tissue,  and  in  the  invohmtary  muscles  there  is  in  addition  a  certain 
amount  of  cement  substance,  stainablo  by  nitrate  of  silver,  between 
the  fibres. 

The  muscular  fibres  are  not  all  alike ;  those  of  the  voluntary 
muscles  are  seen  by  the  microscope  to  be  marked  by  alternate  dark 
and  light  stripings  or  stri  ii  i<  .is ;  these  are  called  transversely  striated, 
muscular  fibres.  Tho  invohmtary  fibres  have  not  got  these  markings 
as  a  rule.  There  is  one  important  exception  to  this  rule,  namely,  in 
tho  case  of  the  heart,  the  muscular  fibres  of  which  are  involuntary, 
but  transversely  striated.  There  are,  however,  histological  differ- 
ences between  cardiac  muscle  and  tho  ordinary  voluntary  striated 
muscles.  The  unstriuted  involuntary  muscular  fibres  found  in  the 
walls  uf  the  stomach,  intestine,  bladder,  blood-vessels,  uterus,  and 
other  contractile  organs  are  generally  spoken  of  as  plain  muscular 
fibres. 

From    the   histological    star,  there   are,    therefore,    three 

varieties  of  muscular  fihros  found  in  tho  body  of  the  higher 
animals:  two  of  them  are  transversely  striated,  and  one  is  not. 
The  relationship  of  this  histological  classification  to  the  physiological 
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oloMtfiostioD  int"  voluntary  and  involuntary  is  shown  in  the  follow- 
ing  Uililn: — 


1.  Transversely  striated  muscular  fibres  j 

.-.   In  skeletal  muscle 
n  can!  lac  muscle 

2.  Plain  muscular  fibres  i 

In  blood-vessels,  intestine,  uterus, 
bladder,  « t 
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All  kinds  of  muscular  tissue  are  therefore  oompoeod  oi  fibres,  but 
the  fibres  are  essentially  different  from  those  wo  havo  hitherto  studied 
in  the  connective  tissues.  There.,  it  will  be  remembered,  the  fibres 
are  developed   between  lis;  here,  in    muscle,  the   fibres  are 

developed   from   the  cells ;    that  is,   the   cells    themselves   become 
elongated  to  form  tho  muscular  fibres. 

Voluntary  Muscle. 

The  voluntary  muscles  are  those  which  are  sometimes  called 
tktlelal,  constituting  tho  whole  of  tho  muscular  apparatus  attached  to 

bones,* 

Each  muscle  is  enclosed  in  a  sheath  of  areolar  tissue,  called  the 
Epimysium  ;  this  sends  in  partitions,  or  septa,  dividing  off  tho  fibres 


Pk.  103.  —A  tnticbed  muscular  tlbm  frutn  Lhe  ftvg'«  tongue.    (K«UIfcer.) 

into  fasciculi,  or  bundles ;  the  sheath  of  each  bundle  may  be  called 
the  Perimysium.  Between  the  individual  tihres  is  a  small  amount  of 
loose  areolar  tissue,  called  the  Umlomysinm.  Th*  1-1  nod- vessels  and 
nerves  for  tho  muscle  are  distributed  in  this  areolar  tissue. 

The  fibros  vary  in  tbiclmow  and  length  a  good  ileal,  but  they 
average  ^^  inch  in  diameter,  and  about  1  inch  in  length.  Each 
fibre  is  cylindrical  in  shapo,  with  roUE  ,  many  become  pro- 

longed into  tendon  bundles  (fig.  Ill),  by  which  the  muscle  is  attached 
to  bone.  As  a  rule  they  are  unbrandi^I,  hot  the  muscle  fibros  of  tQfl 
face  and  tongue  divide  into  numerous  hranchos  Ijefore  being  inserted 

*  The  mtivulur  fibres  of  the  pharynx,  part  of  the  oesophagus,  and  of  the 
muscles  of  the  internal  ear,  though  noi  under  the  control  of  the  will,  bare  the 
name  struct  up:  as  the  voluntary  muscular  fibres. 
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to  the  under  Burface  of  the  skin,  or  mucous  membrane  (fig.  102). 
The  fibres  in  these  situations  are  also  finer  than  in  the  majority  of 
the  voluntary  muscles. 

Each  fibre  consists  of  a  sheath,  called  the  earcoUmma,  enclosing 
a  soft  material  calif.*!  the  contractile  substance.  The  sarcolernma  is 
homogeneous,  elastic  in  nature,  and  especially  tough  in  fish  and 
amphibia.  It  may  readily  be  demonstrated  in  a  microscopic  prepara- 
tion of  fresh  muscular  fibres  by  applying  gentle  pressure  to  the  cover 
slip;  the  contractile  Bubstance  is  thereby  ruptured,  leaving  the 
Barcolenima  bridging  the  space  (fig.  103).  To  tho  sarcolernma  are 
seen  adhering  some  nuclei 

Tho  contractile  substance  within  the  sheath  is  made  up  of 
alternate  discs  of  dark  and  light  substance. 

Muscular  fibres  contain  oval  nuclei.  In  mammalian  muscle  thoso 
are  situated  just  beneath  the  sarcolernma;  but  in  frog's  muscle 
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I  i  .  101.— Muscular  II lire  of 
a  mammal  highly  mag- 
iiillH.  Th*  surface  Of 
the  libra  la  accurately 
focuaaed.     (Helufer.) 

occur  also  in  the  thickness  of  tho  muscular  fibre.  The  chromoplasm 
of  the  nuclous  has  generally  a  spiral  arrangement,  and  often  there  is 
a  little  granular  protoplasm  (well  soon  in  the  muscular  fibres  of  the 
diaphragm)  around  each  pole  of  the  nucleus. 

The  foregoing  facts  can  he  made  out  with  a  low  power  of  the 
microscope;  on  examining  muscular  fibres  with  a  high  power  other 
details  can  be  seen.  Treatment  with  different  reagents  brings  out 
still  further  points  of  structure.  These  are  liiii  r<  ntly  described  and 
differently  interpreted  by  difforont  histologists ;  and  perhaps  do 
subject  in  tho  whole  of  microscopic  anatomy  has  been  moro  keenly 
debated  than  the  structure  of  a  muscular  fibre,  and  the  meaning  of 

the    r-h:mgM    that    00091     VrfaflD     tt    ''out  viiets       A    good    doal    of    tin- 

difficulty  has  doubtless  arisen  from  tho  fact  that  a  muscular  fibre  is 

Irical,  and  if  one  focuases  the  surface  one  gots  different  optical 

eirects  from  those  obtained  by  focussing  deep  in  the  substance  of 

tho   fibre.     I   shall,  in  the  following  account  of  the  structure  of 
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striated  muscle,  adhere  very  closely  to  the  writings  of  Professor 
Schiifcr. 

If  the  surface  is  carefully  focussod  rows  of  apparent  granules  are 
seen  lying  at  the  boundaries  of  the  light  streaks,  and  fine  longitudinal 
lines  passing  through  the  dark  streaks  may  be  detected  uniting  tho 
apparent  granules  (fig.  104). 

In  specimens  treated  with  dilute  acids  or  gold  cldoride,  the 
granules  are  seen  to  be  connected  side  by  side,  or  transversely  also. 
This  reticulum  (fig.  105),  with  its  longitudinal  and  transverse  meshes, 
was  at  one  time  considered  to  be  the  essential  contractile  portion  of 
the  muscular  fibre;  it  was  thought  that  on  contraction  the  transverse 
networks,  with  thoir  enlargements,  tho  granules,  liecamo  increased  by 


9m.  lui.  -  Portion  uf  iHOMle-Ofara  of 
waUr-beetlo,  thowtae  network 
vtry  plainly.  Om  of  Ihfl  timn»- 
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•omaof  tin)  longitudinal  t*r.  arc 
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t  io.  106.— TnuuT«n*McUoM  throngl, 
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the  longitudinal  strands  diminishing  in  length  and  running  into  thorn. 
Most  histologists  have  rejected  this  idea,  snd  regard  the  network  as 
mere  interstitial  substance  lying  between  the  essentially  contractilo 
portions  of  the  muscle.  A  muscular  fibre  is  thus  made  up  of  what 
are  variously  called  fibrils,  musclt-tdumns  or  sarcostylss;  and  the 
uidinal  interstitial  substance  with  cross  networks  comprising 
tho  reticulum  just  referred  to  is  called  sarcoplasm.  By  the  use  of 
certain  reagents,  such  as  osmic  acid  or  alcohol,  the  muscle-columns  or 
sarcostylcs  may  bo  completely  separated  from  one  another. 

A  transverse  section  of  a  muscular  fibre  (fig.  106)  shows  the 
sections  of  these  aarcostyles ;  the  interstitial  sarcoplasm  is  represented 
as  white  in  the  drawing.  The  angular  fields  separated  by  sarcoplasm 
may  still  bo  called  by  their  old  name,  areas  of  Cohnha 

(f,  instead  of  focussing  tho  surface  of  a  fibre,  it  is  observed  in  its 
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depth,  a  fine  dotted  line  is  seen  bisecting  each  light  stripe ;  this  has 
been  variously  turmed  Dobie's  line,  or  Krau&e's  membrane  (fig.  107). 
At  one  time  this  was  believed  to  be  an  actual  membrane  continuous 
with  the  sarcolemma.  It  is  probably  very  largely  an  optical  effect, 
caused  by  light  bring  transmitted  betwoen  discs  of  different  refrangi- 
hility. 

If  cross  mombrauos  do  exist  they  are  not  very  resistant;  this  was 
well  shown  by  an  accidental  observation  first  made  by  Kiihne,  and 
subsequently  seen  by  others.  A  minute  thread-worm,  called  the 
Myorectes,  was  observed  crawling  up  the  interior  of  the  contr 
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substance  of  a  muscular  fibre;  it  crawled  without  any  opposition 
from  membranes,  and  the  track  it  left,  closed  up  slowly  behind  it 
without  interfering  with  the  normal  cross-striations  of  the  contractile 
substance.  This  observation  strikingly  illustrates  the  fact  that  the 
contractile  substance  in  a  muscular  fibre  is  fluid,  but  only  semi-fluid, 
for  the  closing  of  the  thread-worm's  track  occurred  slowly  as  a  hole 
always  closes  in  a  viscous  matorial. 

Another  appearance  which  is  sometimes  seen  is  a  fine  clear  line 
running  across  the  fibro  in   tho  middle  of  each  dark  band.     It  is 

d  ITensett's  line  i  it  disc 

A  muscular  fibre  may  not  only  be  broken  up  into  fibrils  or  muscle- 
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oduinna,  but  under  tho  influence  of  some  reagents  like  dilute  hydro- 
chloric  acid,  it.  can  tie  broken  up  into  discs,  the  cleavage  occurring  in 
the  ocnliv  stripe.      Bourn. m,  the   oarliest  to 

muscul.ir  fibres  with  profitable  results,  concluded  that  tho  subdivision 
of  a  fibre  into  fibrils  was  a  phenomenon  of  the  same  kind  as  the  cross 
cleavage  into  discs.  He  considered  that  both  were  artificially  pro- 
duced by  a  separation  in  one  or  the  other  direction  of  particles  of  the 
fibre  ho  called  "  sarcous  dements."  The  cleavage  into  discs  is  how- 
ever much  rarer  than  tho  separation  into  fibrils;  indeed,  indications 
of  tho  fibrils  are  seen  in  perfectly  fresh  musclo  before  any  reagent 
has  been  added,  and  this  is  markedly  evident  in  the  wing  muscles  of 
many  insects.  It  is  now  believed  that  a  muscular  fibre  is  built  up 
of  contiguous  fibrils  or  sarcostyles,  while  cleavage  into  discs  is  a 
purely  artificial  phenomenon. 

Haycraft,  who  has  also  investigated  the  question  of  muscular 
structure,  concludes  that  tho  cross  striation  is  ontirely  duo  to  optical 
phenomona.  Tho  sarcostyles  are  varicose,  and  where  they  are  en- 
larged different  refractive  effects  will  be  produced  from  thoso  caused 
by  the  intermediate  narrow  portions.  This  view  he  has  very  in- 
geniously supported  by  taking  negative  casts  of  muscular  fibres  by 
pressing  them  on  to  the  surface  of  collodion  films.  The  collodion 
cast  showB  alternate  dark  and  light  bands  like  the  muscular  fibres. 

Schitfer  is  unable  to  accept  this  view;  ho  regards  the  substance  of 
tlie  sarcostyle  in  its  dark  stripes  as  being  of  different  composition, 
and  not  merely  of  different  diameter,  from  the  sarcostyle  in  the  region 
of  the  light  stripes;  it  certainly  stains  very  differently  with 
reagents,  especially  chloride  of  gold.  His  views  regarding  the  inti- 
mate structure  of  a  sarcostyle  have  been  worked  out  chiefly  in  thn 
wing  muscles  of  insects,  whore  the  sarcostyles  are  separated  by  a 
considerable  quantity  of  interstitial  sarcoplasm,  and  a  brief  summary 
of  his  conclusions  is  as  follows : — 

Each  sarcostyle  is  subdivided  in  the  middle  of  each  light  stripe  by 
transverse  lines  (membranes  of  Krause)  into  successive  portions, 
which  may  be  termed  sarcomeres.  Each  sarcomere  is  occupied  by  a 
portion  of  the  dark  stripo  of  tho  whole  fibre;  this  portion  of  the 
dark  stripe  may  be  called  a  sarcous  cUnunt*  The  sarcous  elt 
is  really  double,  and  in  the  stretched  fibre  (fig.  108,  b)  separates  into 
two  at  tho  line  of  Honsen.  At  oither  end  or  the  sarcous  element  is 
a  clear  interval  separating  it  from  Krause's  membrane;  this  clear 
interval  is  more  evident,  in  tin-  extended  sarcomere  (fig.  108,  b),  but 
diminishes  on  contraction  (fig.  108,  a).  The.  OOU06  of  this  is  to  be  found 
in  the  structure  of  the  sarcous  eloment.  It  is  pervaded  with  longi- 
d  canals  or  pores  open  towards  Krause's  membrane,  but  closed 

Notice  th;ii  tin,  expression  lias  a  different  from  ivtial  ii  origtaaU|] 

had  when  used  by  Bown 
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at  Hensen's  line.  In  i.lu-  «.nntractod  muscle  the  clear  pan  of  the 
muscle  sulntance  passes  into  these  pores,  disappears  from  view  to  a 
great  extent,  swells  up  the  sarcous  element,  widens  it  and  shortens 
the  sarcomere.  In  the  extended  muscle,  on  the  other  hand,  tho  clear 
substance  passes  out  from  the  pores  of  the  sarcous  element,  and  lies 
between  it  and  the  membrane  of  Krause ;  this  lengthens  and  narrows 
the  sarcomere*  This  is  shown  in  the  diagrams.  It  may  be  added 
that  the  sarcous  clement  il-'*-s  not  lie  free  in  the  middle  of  the  sarco- 
mere, but  is  attached  at  tho  sides  to  a  fine  enclosing  envelope,  and  at 
either  end  to  Krause's  membrane  by  fine  lines  running  through  the 
clear  substance  (fig.  109,  a). 

This  view  is  interesting,  because  it  brings  into  harmony  ainceboid, 
ciliary,  and  muscular  movement.      In  all  three  instances  we  have 
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protoplasm  composed  of  two  materials,  spongioplasni  and  hyaloplasm. 
In  amoeboid  movement  the  irregular  arrangement  Off  the  spongioplasm 
&HOWB  t In*  hyaloplasm  to  flow  in  and  out  of  it  in  any  direction.  In 
ciliary    I  at   the   flow   is   limited   by  the  arrangement  of    tin- 

s]Mingioplasin  to  one  direction  ;  hence  the  limitation  of  the  movement 
in  one  diivciiuii  (see  p.  30).  In  muscle,  also,  the  definito  arrangement 
of  tho  BpongioplaBZD  (represented  by  the  sarcous  element)  in  a  longi- 
tudinal airsotian  limits  the  movement  of  the  hyaloplasm  (represent imI 
by  tho  clear  snbetanoe  of  the  light  stripe).  bo  that  it  must  flow  either 
in  or  out  in  that  partioclar  ilii'cciion.  Tho  muscular  fibre  is  made  u]> 
of  sarcoRtyles  and  tho  sarcosrvle  of  sarcomeres.     The  contraction  of 

•  Tli'   ■ -i  ilmitt.-d  by  all  observers.     These  regard 

llir  (MLSSAgc  of  fluid  in  ami  cul  irt  Mil  i-Umrnl    U  dlM   to  iliiriuinu  llirniijj-li 

its  membrane 
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the  whole  muscle  is  only  the  i  of  the  DOW  of  all  the 

constituent  sarcomeres. 

In  an  ordinary  mmoatax  fibre  it  is  Btstsd  thai  w  sola, 

not  only  does  it  become  thicker  and  shorter,  but  the  ligh 
become  dark  and  the  dark  stripes  tight,     Ihia  iffain  is  only 
illusion,  and  is  produced  by  the  alterations  in  I  MT0O- 

stylos,  aflfeol  oplasm 

that  lies  between  them.     When 

sarcous  elements  b well  dazing 
contraction,    :  plasm  accu- 

mulates opposite  the  membranes 
of  Krause,  and  diminishes  in 
amount  opposite  the  boqohb 
oloments;  tho  accumulation  of 
sarcoplasm  in  tho  previously 
tight  stripes  makes  thorn  appear 
darker  by  contrast  than  the  dark 
stripes  proper.  This  is 
well  shown  in  Bg,  110.  There 
is  no  tme  reversal  of  the  strip- 
bun  in  the  aarcostyles  them- 
selves. 
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That   this  i-.  the  case  can   bn 
very  well  when    :'    muscular  fib 
examined    with     polarised     light.       A 
pnlarfadug  in'uTOs*-o|w  contains  a  \'i<  id's 
prism  beneath  the  stage  of  Hie  m 
scope  wlik'h  polarises  tin    li(»ht  passing 
ijrh  the  object  place  1  On  th<    ttagc, 
The  eye-niece  contains  another  Nloors 
prism,  which  datecti  tins  fad      If  the 
two  Xk-oU  are  parnlK  1.  the  light  pass- 
iflgtiaougta  the  iirst  pasni  ■  also  Urn 
the  second;  but  if  1 1.  right 

angles  to  the  first,  the  light  cannot 
traverse  it  mid  the  field  appear-,  dark. 
If  an  object  on  the  microscope  sti 

i  ly  refracting  it  will  appear  bright 
in  this  dark  field  -  If  it  remains  dark 
it  it  imgly  refracting.     The  aarcopl 

lagfj   refracting  or  iaotroj 
remains  dark  in  the  dark  field  ••!  the 

The  muscle  columns  or  saieosryles  in  In  gri  ■  ■. 
■    refracting  or  antsotropoas,  and    ippeai  bright 'in  the  dan   field  of  the 
Ens;  microscope.    The  » ircostylc.  h  ml  whoOy  doubly  reflscting) 

the  san'ous   elements  nrc   doubly   rifr.utmi;,    and    the    clear  ate   singly 

refracting.    On  contraction  there  is  no  reversal  of  them   appearances^  though  ol 

the  relative  thickness  of  the  slnglj  refracting  intervals  varies  Inn 
with  that  of  the  doubly  refracting  sarcous  elements 

Ending  of  Muscle  in   Tendon, — A  tendon-bundle  passes  to  each 
muscular  fibre,  and  becomes  firmly  united  to  the  sarcolemma.     Tho 
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areolar  tissue  between  the  tendon -bundles  tiecomes  also  continuous 
with  that  lietwoon  the  muscular  fibres  (fig.  Ill) 

Blood-vessels  of  Muscle. — The  arteriea  break  up  into  capillaries, 

i  rim  longitudinally  in   the  ondomyaium,  transverse  bra 

connecting   them   (fig.    112).     No   blood-vessels  ever  penetrate  the 

sere*'1  Che  muscular  fibres    are    thua,  like    other   tissues, 

ihed  by  the  exudation  from  the  blood  celled  lymph.    The  lymph 

ia  removed  by  lymphatic  vossels  found  in  me 

perimysium. 

The  nerves  of  voluntary  muscle  pierce  the 
aurcolomma,    and    terminate    in    expansions 
callod  end-plates,  to  be  described  on  p.  9".. 
Neuro-nvuscular  Spindles. — Bundles  of  fine 


Km.  u  J  —  Thrw  mnieaUr  etna 
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muscular  fibres  eiulo  bin  a  thick  lainel- 

lated  sheath  of  connective  tissue  are  found 
scattered  through  voluntary  mosolee;  bbej 
are  especially  numerous  near  the  tendons  anil 
in  the  proximity  of  intra-muscular  snpta.  It 
is  remarkable  that  they  have  not  open  found 
in  the  ocular  or  tongue  muscles.  These  structures  are  called  neuro- 
muscular spindles;  they  vary  in  length  from  J  to  $  inch,  and  are 
about  tIt[  in*  I'  "'  diamoter.  Each  receives  a  nerve  fibre  which 
a  into  secondary  and  tertiary  branches.  The  myelin  sheath 
is  lost,  and   the    taroerj   l 'ranches   i  the  caosealar  fibres, 

breaking  up  usually  Into  a  network.  It  is  believed  that  these 
are  aensory  end  organs  in  the  muscle.  (See  further,  chapter  on 
T"iu-h.) 
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Red  Muscles. 

In  many  auimals,  such  as  tho  rabbit,  and  some  fishes,  most  of  the 
muscles  are  pale,  but  Borne  few  (like  the  diaphragm,  crureuB,  soleus. 
semi-mem  branosus  in  the  rabbit)  are  red.  These  muscles  contract 
more  slowly  than  the  pale  muscles,  and  their  red  tint  is  due  to  htemo- 
.'lul'iu  contained  within  their  contractile  Bubstance. 

In  addition  to  these  physiological  distinctions,  there  are  histo- 
logical differences  between  them  and  ordinary  striped  muscle.  These 
histological  differences  are  the  following : — 

1.  Their  muscular  fibres  are  thinner. 

2.  They  have  more  sarcoplasm. 

3.  Longitudinal  striation  ia  therefore  more  distinct. 

4.  Tran3ver8e  striation  is  more  irregular  than  usual. 

Their  nuclei  are  situated  not  only  under  the  BttCofoniTna,  bat 
also  in  the  thickness  of  the  fibre. 

6.  The  transvorse  loops  of  the  capillary  network  are  diluted  into 
little  reservoirs,  far  beyond  the  size  of  ordinary  capillaries. 


Cardiac  Muscle. 

The  muscular  fibres  of  tho  heart,  oniike  those  of  most  of  the 
involuntary  muscles,  are  striated ;  but  although,  in  this  respect,  they 
resemble  the  skeletal  muscles,  they  have 
distinguishing  characteristics  of  their  own. 
The  fibres  which  lie  side  by  side  are 
united  at  frequent  intervals  by  - 
branches  (fig.  113).  The  fibres  are  smaller 
than  those  of  the  ordinary  striated  muscles, 
and  their  transverse  striation  is  less 
distinct  No  sarcolemma  can  be  dis- 
cerned. Each  fibre  has  only  one  nucleus 
which  is  situated  in  the  middle  of  its 
substance.  At  the  junctions  of  the  fibres 
there  is  a  certain  amount  of  cementing 
material,  stainable  by  silver  nitrate.  This 
is  bridged  aoross  by  fine  fibrils  from  cell 
to  cell. 


Plain  Muscle. 


Km.  115.— MniwaUr  111-recHbi  bam 
tl.-  !ic*R.     (K.  A.  Sclttfer.) 


■  ill  muscle  farms  tin;  propel  muscular  coats  (1.)  of  the  digestive 
canal  from  the  middle  of  the  oesophagus  to  the  internal  sphincter 
ani ;  (2.)  of  the  ureters  and  urinary  bladder ;  (3.)  of  the  trachea  and 
bronchi;  (4.)  of  the  ducts  of  glands;  (5.)  of  the  gall-bladder;  (6.)  of 
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the  vesicular  seminales ;  (7.)  of  the  uterus  and  Fallopian  tubes ;  (8)  of 
blood-vessels  and  lymphatics ;  (9.)  of  the  iris,  and  ciliary  muscle  of  the 
eya  This  form  of  tissue  also  enters  largely  into  the  composition  (10.) 
of  the  tunica  darlos,  the  contraction  of  which  is  the  principal  cause  of 
the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold.  It 
occurs  also  in  the  skin  generally,  being  found  surrounding  the  secret- 
ing part  of  the  sweat  glands  and  in  small  bundles  attached  to  the  hair 
follicles ;  it  also  occurs  in  the  areola  of  the  nipple.  It  is  composed  of 
long,  fusiform  cells  (fig.  114),  which  vary  in  length,  but  are  not  as  a 
rule  more  than  -g Jff  inch  long.  Each  cell  has  an  oval  or  rod-shaped 
nucleus.    The  cell  substance  is  longitudinally  but  not  transversely 


Fio.  114.  —  Muscular  fibre-cells  from  the  muscular  coat  of  Intonliue— highly  magnified.     Note  the  longi- 
tudinal striation,  and  In  the  broken  fibre  the  sheath  is  visible. 

striated.  Each  cell  or  fibre,  as  it  may  also  be  termed,  has  a  delicate 
sheath.  The  fibres  are  united  by  cementing  material,  which  can  be 
stained  by  silver  nitrate.  This  intercellular  substance  is  bridged 
across  by  fine  filaments  passing  from  cell  to  celL 

The  nerves  in  involuntary  muscle  (both  cardiac  and  plain)  do  not 
terminate  in  end-plates,  but  by  plexuses  or  networks,  which  ramify 
between  and  around  the  muscular  fibres. 


Development  of  Muscular  Fibres. 

All  .muscular  fibres  (except  those  of  the  sweat  glands  which  are 
epiblastic)  originate  from  the  mesoblast.  The  plain  fibres  are  simply 
elongated  cells  in  which  the  nucleus  becomes  rod-shaped.     In  cardiac 
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muscle,  the  likeness  to  the  original  cells  from  which  the  fibres  are 
formed  is  not  altogether  lost,  and  in  certain  situations  (immediately 
tonoath  the  lining  membrane  of  the  ventricles)  there  are  found  peculiar 
fibres  called  after  their  discoverer  Pvrkinje'a fibres ;  these  are  largo  clear 
quadrangular  colls  with  granular  protoplasm  contain- 
ing several  nuclei  in  tho  centre,  and  striated  at  the 
margin.  It  appears  that  the  differentiation  of  these 
cells  is  arrested  at  an  early  stage,  though  they  con- 
tinue to  grow  in  siza 

tit  try  muscular  fibres  are  developed  from  cells 
which  become  elongated,  and  the  nuclei  of  which  n 
t.ij»I v.     In  must .striated  muscle  fibres  th<  ulti- 

mately take   up  a  position   ltenoath  the  cell 
sarcolenima  which  is  formed  on  tho  surface.     Si 

h  appear  first  0Q6  side,  fend  extend  round 

fibre  (fig.  1 15),  then  they  extend  into  I  be  centra 

During  life  new  fibres  appear  to  be  formed  in  part 
by  a  longitudinal  splitting  of  pre-existing  fibf 
is  proa-  multiplication  of  nuclei;  and  in  part 

by  the  lengthening  and  diflV  m  of  embryo 

cells   (sarcoplasts)  found    lwtween    the    fully    formed 
fibres. 

In  plain   Dfl  COWtfc  occurs  in  a  similn 

this  is  well  illustrated  in  the  enlargement  of  the  uterus  during 
pregnancy;  this  is  duo  in  part  to  the  growth  of  the  pre-oxisiing 
fibres,  and  m  part  to  the  formation  of  new  fibres  from  small 
granular  cells  lying  between  them.  After  parturition  the  fibres 
shrink  to  thflU  original  size,  but  mauy  undergo  fatty  degeneration 
:iud  are  removed  by  absorption. 


in(!  miMCulir  fibr* 
fiom  fiptna  of  two 
iiioiitci.         (IUi>. 
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Nervous  tissue  is  the  material  of  which  the  nervous  system  is  com- 
posed. The  nervous  system  is  composed  of  two  parts,  the  central 
nervous  system,  and  the  peripheral  nervous  system.  The  central  nervous 
system  consists  of  the  brain  and  spinal  cord ;  the  peripheral  nervous 
system  consists  of  the  nerves,  which  conduct  the  impulses  to  and  from 


Kn..  I  111.— Two  tiervo-tlbroa  of  Minim 
nerve,  a.  Node  of  Kanvlcr. 
ii.  AxU-cyllndcr.  c.  Khoath  of 
Schwann,  with  nuclei.  Medul- 
lary Hlieath  In  nut  «t*lnnil .  n  300. 
(Klein  ami  Noble  Smith.) 


Via.  117.— Axi8  cylinder, 
higlily  magnified, 
allowing  its  com- 
ponent fibrils.  (M. 
Schultze.) 


the  central  nervous  system,  and  thus  bring  the  nerve  centres  into 
relationship  with  other  parts  of  the  body. 

Some  of  the  nerves  conduct  impulses  from  the  nerve-centres  and 
are  called  efferent ;  those  which  conduct  impulses  in  the  opposite 
direction  aro  called  afferent.  When  one  wishes  to  move  the  hand,  the 
norvous  impulse  starts  in  the  brain  and  passes  down  the  efferent  or 
motor  nervo-trncts  to  the  muscles  of  the  hand,  which  contract ;  when 


vo 


CH.  VII  ] 

one  feela  pain  in  the  hand,  afferent  or  sensory  nerve- tracts  convey  an 
impulse  to  the  brain  which  is  there  interpreted  aa  a  sensation.  If  all 
the  nerves  going  to  the  hand  are  cut  through,  all  com- 
munication with  the  nerve-centres  is  destroyed,  and 
_  the  hand  loses  the  power  of  moving  under  the  influence 

of  the  will,  and  the  brain  receives  no  impulses  from 
the  hand,  or,  as  we  say,  the  hand  has  lost  sensibility. 

This  distinction  between  efferent  and  afferent 
nerves  is  a  physiological  ono,  which  we  shall  work 
out  move  thoroughly  later  on.  No  liistologieal  <lis- 
tinction  can  be  made  out  between 
motor  and  sensory  nerves,  and  it 
is  histological  structure  whicli 
we  wish  to  dwell  upon  in  thifl 
chapter. 

Under  the  microscopo  nervous 
tissue  is  found  to  consist  essen- 
tially of  nerve-ceils  and  their 
1  tranches.  The  norvo-colls  are 
contained  in  the  bruin  and  Spinal 
cord,  aud  in  smaller  collections 
of  cells  on  the  course  of  the 
nerves  called  ganglia.     The  part 

the  nerve-centres  containing 
cells  is  called  grey  matter. 

Long  branches  of  the  nerve- 
cells  are  known  as  nerve-fibres. 
Those  become  sheathed  in  a 
manner  U>  l»e  immediately  de- 
scribed, and  are  contained  in  the 
nerves,  and  in  the  white  matter  of 
brain  and  spinal  cord.  The  bodies 
of  nerve-cells  differ  in  suse,  shape, 
B  and  arrangement,  and  we  shall 
discuss  those  fully  when  we  get 
to  the  nerve-centres.  For  the 
present  it  will  be  convenient  to  confine  ourselves  to 
ih    nerve-fibres  as  they  are  found  in  a  nerve. 

Nerve-fibres  are  of  two  histological  kinds,  medul- 
laled  and  non-medullated.  Modullatod  nerve-fibres 
are  found  in  the  white  matter  of  the  rim-vo-o.nin 
and  in  the  nerves  originating  from  the  brain  and 
spinal  oord.  Non-medullated  nerve-fibres  occur  in 
•tic  nerves. 

The  medullated  or  white  fibres  are  rised 


•;p  of  iUi>Ti"r 
In  *  nw.liill«««.i  Dr: 
vtowd   bun  Blow 
medullary   tln-»tli    li    In- 

tlrr     sh*»lh       11, i   I 
Coi*«l  from  Ai'l  > 
rWiion.      .     TJO 
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by  a  sheath  of  white  colour,  fatty  in  nature,  and  stained  black  by 
oamic  acid ;  it  is  called  the  medullary  sheath  or  white  substance  of 
Schwann;  this  sheathes  the  essential  part  of  the  fibre  which  is  a 
process  from  a  nerve-cell,  and  is  called  the  axis  cylinder.  Outside 
the  medullary  sheath  is  a  thin  homogeneous  membrane  of  elastic 
nature  called  the  primitive  sheath  or  neurilemma. 

The  axis  cylinder  is  a  soft  transparent  thread  in  the  middle  of  the 
fibre ;  it  is  made  up  of  exceedingly  fine  fibrils  (fig.  117)  which  stain 
readily  with  gold  chlorida  The  medullary  sheath  gives  a  character- 
istic double  contour  and  tubular  appearance  to  the  fibre.  It  is  inter- 
rupted at  regular  intervals  known  as  the  nodes  of  Ranvier.  The 
stretch  of  nerve  between  two  nodes  is  called  an  inter-node,  and  in 
the  middle  of  each  inter-node  is  a  nucleus  which  belongs  to  the 


Km.  130. — Small  branch  of  a  muscular  nerve  of  the  frug,  near  it*  termination,  showing  division  of  the 
fibre*,    o.  Into  two ;  J>,  Into  three,     x  860.    (KrfUiker.) 


primitive  sheath.  Besides  these  interruptions,  a  variable  number  of 
oblique  clefts  are  also  seen  dividing  the  sheath  into  medullary  seg- 
ments (fig.  118);  but  most  if  not  all  of  these  are  produced  artificially 
in  the  preparation  of  the  specimen. 

The  medullary  sheath  also  contains  a  horny  substance  called 
neurokeratin :  the  arrangement  of  this  substance  is  in  the  form  of  a 
network  or  reticulum  holding  the  fatty  matter  of  the  sheath  in  its 
meshea  The  occurrence  of  horny  matter  in  the  epidermis,  in  the 
development  of  the  enamel  of  teeth  and  in  nerve  is  an  interesting 
chemical  reminder  that  all  these  tissues  originate  from  the  same 
embryonic  layer,  the  epiblast.  The  fatty  matter  consists  largely  of 
lecithin,  a  phosphorised  fat,  and  cholesterin,  a  monatomic  alcohoL 

Near  their  terminations  the  nerve-fibres  branch :  the  branching 
occurs  at  a  node  (fig.  1 20). 
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Staining  with  silver  nitrate  produces  a  peculiar  appearance  at  the 
nodes,  forming  what  is  known  as  the  crosses  of  Ranvicr. 

One  limb  of  the  ctobs  is  produced  by  the  dark  staining  of  GOD 


121 — *to»«ral  nbraaofa  bandl#  of  mwiiillatwl   iicrTa-Dbrw  aet*d  upoo  by  •llror  nlliata  to  ihow 
behaviour  of  uodai  of  Basrtar,  M,  v>wanti  ttita  reaetait.    Tb»  silvnr  bM  ptnatraUd  at  tb*  nodat, 
•kd  ha.  slaln+J  tl.«  ail-cyllmlrr,  M,  for  a  .hurt  -litUnca.    8,  tlia  »1ilU  •ul»t*Jic*.    (Kl. 
NobU  SmlUu) 

substance  which  occurs  between  the  segments  of  the  neurilemma ;  the 
other  limb  of  the  cross  is  due  to  the  staining  of  a  number  of  minute 


Ftm.  123 — Tranarcn*  ivctloa  of  tka  kUUc  nu\»  of  a  cat  about  >:  100.— It  contfcta  of  bomllaa 
(funiculi) of  iMrvo-nLrca  ciulieatlxd  Lu  a  nbiuus  i-ji>|xjrtiu»-  ia|*ale,  minnrittm.  A;  each  bnadto 
baa  a  ipact.l  abralh  (nut  auflkirr.tly  ir.arkwl  Mil  from  tlie  i|i«nn»»  in  tt»«  figure)  or  p-r\«u  ■-»»■» 
B;  tbm  Mrvv-nbro*  N  /  ar»  awparatcl  Eton  wne  anutber  by  nulo+turimm  ;  L.  lymph  »pacoa ;  Ar, 
artery  ;  V,  tila;  F,  fai.    Sumiwliai  dlatfianimaUe.    (V.  D.  Harrim.) 

transverse  bands  in  the  axis  cylinder  (Fromanris  lines),  which  is  here 
not  closely  invested  by  the  medullary  sheath  (fig.  121). 
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i  of  the  oerve-fibtea  in  13  best  seen  in  a 

ii.itisverse  sectii 

Tii  id  of  a  Dumber  "f  bundlee  it  funiculi  ol  nei 

fibres  bound  tOOBthez  by  connective  tissue.     The  .  I  the  whole 

nerve  is  called  the  epineurium ;  that  of  the  funiculi  the  perineurium,  ; 
that  winch  jiasses  between  the  fibres  in  a  funiculus,  the  f.ndoneurium 
122).     Single  nerve-fibres  passing  to  their  destination  are  sur- 
rounded prolongation  of  iriuni,  known  as  the  Sheath 


I'm..  VO.   -Seetton  aeroM  iht  second   Uiorvjlc  interior  root   A  ihe  dog,  lUlu*!  with  Muk  *cM. 

kail.) 


«/  Henlc.     The  nerve  trunks  themselves  receive  nerve- fibres  which 
ify  and  terminate  as  end-bulbs  in  the  epineurium. 
Ihe  size  of  the  nerve-fibres  varies ;  the  largest  fibres  are  found  in 
the  spinal  nerves,  whoro  thoy  are  144  to  lfy*  in  diamoter.*     01 

:  willi  iheso  measure  1"8  to  Z'0/x.  Theso  small  nerve-fibres  are 
the  visit-nil  nerves ;  they  pass  to  collections  of  nerve-cells  called  the 
lympathetic  ganglia,  wnenee  they  emerge  as  nan-mod ullated  fibres, 
;um1  are  distribnted  to  involuntary  muscle.     They  are  well  seen  in 

•  n      micro  millimetre  a  ,^„  millimetre. 
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sections  stained  by  osiuic  acid,  tho  black  rings  being  the  stained 
medullary  sheaths  "(fig.  123). 

The  non-medullated  fibres  or  fibres  of  Remak  have  no  moduli 
sheath,  and  are  therefore  devoid  of  the  double  contour  of  the  me  I 
lated  fibres,  and  are  unaffected  in  appearance  by  osmic  acid.     They 


Pio.  Hi.    Orry,  or  rwn-m*1'i!Ut»d  n*rr«-lbr<«.    A-  Prom  &  bruicli  of  th-  olfactory  notr»  of  tlw 
•lM»p;  two  d»rk-l>or«Ui*<l  or  wlilte  Qbr>«  from  tin  fifth  j>*l;  *tn  Mcuclttcd  with  *.t»«  |«»U>  oU 
•tew.    8.  Rrom  the  tym  p*tti«tlc  noire,     x  440.    (Max  .vhultw>.) 

ouiisiat  of  an  axis  cylinder  covered  by  a  nucleated  fibrillatod  sheath. 
They  branch  frequently. 

Though  principally  found  in  the  sympathetic  nerves,  a  few  are 
found  in  the  spinal  nerves  mixed  with  the  medullated  fibros. 


Termination  of  Nerves  in  Muscle. 

In  the  voluntary  mitsclta  tho  motor  norvo-fibres  have  special  end 
s  called  end-plalcs.  The  fibre  branches  two  or  three  times  (figs. 
120,  125),  and  each  branch  goes  to  a  muscular  fibre.  Hen 
neurilemma  becomes  continuous  with  the  sarcolemma,  the  medullary 
sheath  stops  short,  and  the  axis  cylinder  branches  repeatedly.  This 
ramification  is  embedded  in  a  layer  of  granular  protoplasm  containing 
numerous  nuclei.  Considerable  variation  in  shape  of  the  end-plates 
•;cours  in  different  parts  of  tho  animal  kingdom.  Somewhat  si  mil,  r 
nerve-endings  are  seen  in  tendon ;  these,  howevor,  are  doubtless 
sensory  (figs.  126,  127). 

In  uiu&cfa,  the  fibres  which  are  for  the  most  part 

non-medullated  form  complicated  plexuses  near  their  termination. 
|  loxus  of  Auerbach  (fig.  128)  between  the  muscular  coats  of  tho 
intestine  is  a  typical  case  Groups  of  nerve-cells  will  be  noticed  at 
motions  of  the  fine  nervous  cords.  From  those  plexuses  fine 
brandies  [>aas  off  and  bifurcate  at  frequent  intervals,  until  at  last 
ultimate  fibrillar  are  reached.  These  subdivisions  of  tho  axis  cylinders 
do  not  anastomose  with  one  another,  but  they  come  into  close  relation- 


N 

ship  with  the  iiivdlunliii  ilar  fibn-  I      onu  oli    ists 

have  stated  that  they  em  I  En   libe  null  muscular  fibres,  if  i* 

now  believed  that  they  do  not  pass  into  thoir  interior. 


Fio.  I».    From  a  prrtmnuion  of  Un  n*rr«-l#rT»!n*Uo»  In  Hie  muscular  nbfw  of  a  tnake.    a,  tad 
plat*  ■•m  111  aurfac*  view,    t,  Kml-pUU  «a«n  In  pniflle.    (Llngard  and  Klein.) 

Tlio  terminations  of  sensory  nerves  are  in  some  cases  plexuses, 
in  others  special  end  organs.      We  shall  deal  with  those  in  our  si 
of  sensation. 


•  in     of    mi 
iierve-nbnM  In  tendon  nmi  llir  mui- 
oular  InMitlon.    (Gulp!) 


.(.plat** 
of  Qg.  1M,  more  highly  magnified,  a, 
madulUt*<i.|T><«7v#.nbr»a;  b,  ratlrnlawd 
•nd-pktw.;  (Qol 


Development  of  Nerve-fibres. 

A  nerve-libro  is  primarily  an  uut-growth  from  a  nerve-cell,  as  is 
shown  in  the  accompanying  diagram.  A  nerve-cell,  though  it  may 
havn  in  lulus,  only  gives  off  ono  process  which  beoomee  the 

axia  cylinder  of  a   n-i\>    iilne.     This  acquires  a  medullary  sheath 
when  it  passes  into  th<-  white  matter  of  the  brain  u  spinal  cord,  and 
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a  primitive  sheath  when  it  leaves  the  nerve-centre  and  gets  into  the 
nerve.    But  at  first  the  axis  cylinder  is  not  sheathed  at 


fin,  Ut.—toaum  of  JUMfteck,  tenww  tit*  two  Ujmn  of  t  li«  ma«col»r  coat  of  too  Intestine.    (CkdUt.) 

The  formation  of  the  sheaths  is  still  a  matter  of  doubt,  but  the 
generally  accepted  opinion  is  that  the  primitive  sheath  is  formed  by 


tia.  l».— Multipolar  DOTo-caQ  from  anterior  burn  of  «j>Iii»I  eord;  a,  »jii  cylinder  ihomm.    (Max 

cells  which  become  flattened  out  and  wrapped  round  the  fibre  end  to 
and  These  are  separated  at  the  nodes  by  intercellular  or  cement 
substance  stainable   by  silver  nitrate  (fig.    121).    These  cells  are 
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probably  mesoblastic.  The  medullary  sheath  is  formed,  according  to 
some,  by  a  fatty  change  occurring  in  the  parts  of  these  same  cells 
which  are  nearest  to  the  axis  cylinder,  but  it  is  much  more  probable 
that  it  is  formed  from  the  peripheral  layer  of  the  axis  cylinder ;  the 
presence  of  neurokeratin  in  it  distinctly  points  to  an  epiblastic  origin. 
The  fact  also  that,  in  the  nerve  centres,  the  medullated  nerve-fibres 
have  no  primitive  sheath,  and  the  phenomena  of  Wallerian  degenera- 
tion, to  be  described  later,  all  tend  to  confirm  the  same  view. 


CHAPTER  VI I i 
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Irritability  or  Excitability  is  the  power  that  certain  tissues  poeaeas 

^ponding  by  some  change  to  the  action  of  sn  external  agent.  This 
external  agent  is  called  a  stimulus. 

Undifferentiated  cells  like  white  blood-corpuscles  are  irritable; 
when  stimuli  aro  applied  to  thom  tboy  oxecuto  the  movements  we 
have  learnt  to  call  amoeboid. 

Ciliated  epithelium  cells  and  muscular  fibres  arc  irritable ;  they 
also  execute  movements  under  the  influence  of  stimuli. 

Nerves  are  irritable;  when  they  are  stimulated,  a  change  is  i 
duced  in  them;  this  change  is  propagated  along  the  nerve,  and  is 
called  a  nervous  impulse ;  there  is  no  change  of  form  in  the  nerve 
visible  to  tho  highest  powers  of  the  microscope ;  much  more  delicate 
and  sensitive  instruments  than  a  microscope  must  bo  employed  to 
obtain  evidence  of  a  change  in  the  nerve ;  it  is  of  a  molecular  nature. 
But  tho  irritability  of  nerve  is  readily  manifested  by  the  results  fcfcfl 
nervous  impulse  produces  in  the  organ  to  whirh  it  goes;  thus  tho 
stimulation  of  a  motor  nerve  produces  a  nervous  impulse  in  that  nerve 
which,  when  it  reaches  a  muscle,  causes  the  muscle  to  contract: 
stimulation  of  a  sensory  nerve  produces  a  nervous  impulse  in  that 
nerve  which,  when  it  roaches  tho  brain,  causes  a  sensation. 

Secreting  glands  are  irritable ;  when  irritoted  or  stimulated  they 
secrete. 

The  electrical  organs  found  in  many  fishes  like  the  electric  eel, 
and  torpedo  ray,  are  irritable ;  when  they  are  stimulated  they  give 
rise  to  an  alaotiioal  discharge. 

Contractility  is  the  power  that  certain  tissues  possess  of  respond- 
ing to  a  stimulus  by  change  of  form.  Contractility  and  irritability 
do  not  necessarily  go  together;  thus  both  muscle  and  nerve  arc 
irritable,  but  of  the  two,  only  muscle  is  contrau 

Some  movements  visible  to  the  microscope  are  not  due  to  con- 
tractility ;  thus  granules  in  protoplasm  or  in  a  vacuole  may  often  be 
seen  to  exhibit  irregular,  shaking  movements  due  simply  to  vibrations 
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transmitted  to  thorn  from  the  outside.     Such  movement  is  known 
as  Brotcnian  movement. 

Instances  of  contractility  are  seen  in  the  following  cases:— 

1.  The  movements  of  protoplasm  seen  in  simple  animal  and 
vegetable  colls;  in  the  former  we  have  already  considered  streaming, 
gliding,  and  Knobodd  movement  (see  p.  12);  in  the  latter  case  we 
have  noted  tho  n>tul<.r  v  movements  of  the  protoplasm  within  the  cell 
wall  in  certain  plants  (soo  p.  13). 

2.  Tho  movements  of  pigment  cells  These  are  well  seen  under 
the  skin  of  auch  an  animal  as  the  frog ;  under  the  influence  of  elec- 
tricity and  of  other  stimuli,  especially  of  liplit.,  ;i  ant  granules 
are  massed  together  in  the  body  of  the  cell,  leaving  the  processes 
quite  transparent  (fig.  130).  If  the  stimulus  is  removed  the  granules 
gradually  extend  into  the  processes  again.  Thus  the  skin  of  the 
frog   is   sometimes   uniformly   dusky,  and   sometimes    quite    light 


Pm.  lsO.— Frojt'i  pigment  wlla. 
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posterior  part  containing  sfarwlr  any  pig. 

■   HO.     (Ilenl».) 


coloured.  Tho  chamffileon  is  an  animal  which  haR  become  almost 
proverbial,  sinco  it  possesses  the  same  power  to  a  marked  degree. 
This  function  is  a  protective  one ;  the  animal  approximates  in  colour 
that  of  its  surroundings,  and  so  escapes  detection. 

In  tho  retina  we  shall  find  a  layer  of  pigment  cells  (fig.  131),  the 
granules  in  which  are  capable  of  moving  in  the  protoplasm  in  a  some- 
what similar  way;  the  normal  stimulus  Imrn  also  is  light. 

3.  Ciliary  movement ;  here  we  have  a  much  more  orderly  move- 
ment which  has  already  been  described  (see  p.  29). 

4.  In  Vorticellse,  a  spiral  thread  of  protoplasm  in  their  stalk 
enables  them  by  contracting  it  to  lower  the  bell  at  the  end  of  the 
stalk. 

5.  In  certain  of  the  higher  plants,  such  as  tho  sensitive  and  carni- 
vorous plants,  movements  of  the  stalks  and  sensitive  hairs  of  the 
leaves  occur  under  the  influence  of  stimuli. 

6.  Muscular  movement.  Tins  for  the  student  of  human  physio- 
logy is  the  most  important  of  the  series;  it  is  by  their  muscles  that 
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the  higher  animals  (man  included)  execute  the  greater  nu ml *>r  of  their 
movements. 

K  we  contrast  together  amoeboid,  ciliary,  and  muscular  movem 
we  find  that  they  differ  from  each  other  very  considerably.     A  mastoid 
movement  can  occur  in  any  part  of  an  anucboid  cell,  and  in  any 
direction.     Ciliary  and  muBCukr  movi  ire  limited  to  one  direc- 

tion ;  but  they  are  all  essentially  similar,  consisting  of  the  movement 
of  hyaloplasm  in  and  out  of  spongioplasm ;  it  is  the  arrangement  of 
the  spongioplasm  that  limits  and  controls  the  movement  of  the  hyalo- 
plasm (see  also  p.  84). 

Rhythmicality. — In  some  forms  of  movoment  there  is  not  only 
order  m  direction,  but  order  in  time  also.  This  is  seen  in  ciliary 
movement,  and  in  many  involuntary  forms  of  muscular  tissue,  such 
as  that  of  the  heart.  Here  periods  of  contraction  alternate  with 
periods  of  rest,  and  this  occurs  at  regular  intervals.  Under  the  influ- 
ence of  certain  saline  solutions,*  voluntary  muscles  may  be  made 
artificially  to  exhibit  rhythmic  contractions. 

A  familiar  instance  of  rhythmic  movement  in  the  inorganic  world 
is  seen  in  a  water-tap  nearly  turned  off  but  dripping;  water  accumu- 
lates at  tho  mouth  of  the  tap  till  the  drop  is  big  enough  to  fall ;  it 
falls,  and  the  process  is  repeated.  If,  instead  of  water,  gum  or 
treacle,  or  some  other,  viscous  substance  is  watched  under  similar 
circumstances,  the  drops  fall  much  more  slowly;  each  drop  has  to  get 

rar  before  it  possesses  enough  energy  to  fall.  Thus  we  may  get 
different  degrees  or  rates  of  rhythmic  movement.  So  in  the  body, 
during  the  period  of  rest,  tho  cilium  or  the  heart  is  accumulating 
potontial  energy,  till,  as  it  wore,  it  becomes  so  charged  that  it  dis- 
charges ;  potential  energy  is  convorted  into  kinetic  energy  or  move- 
ment 

When  contraction  travels  as  a  wave  along  muscular  fibres,  or  from 
one  muscular  fibre  to  another,  the  term  peristalsis  is  employed. 
These  waves  are  well  seen  in  such  a  muscular  tube  as  the  intestine, 
and  are  instrumental  in  moving  its  contents  along.  Tho  hoart's  con- 
traction is  a  similar  but  more  complicated  peristalsis  occurring  in  a 
rhythmic  manner. 

Muscle  and  nerve  are  admirable  tissues  for  studying  irritability 
and  contractility. 

The  question  may  be  first  asked,  what  evidence  there  is  of  irrita- 
bility in  muscle?  May  not  the  irritability  be  a  property  of  the 
uervo-fibros  which  are  distributed  throughout  the  musclo  and  ter- 
minate in  its  fibres?     The   doctrine  of  independent  muscular  irrita- 

*   Bicdrrmann's   fluid    lias    the    following    composition  i — Sodium    chloride    5 
grammes,  alkaline  sodium  phosphate  i  at.,  sodium  carbonate  0'5  gr..  water  l  I 
If  one  end  of  the  sartorius  of  n  curariscu  frog  is  dipped  into  this  fluid,  it  contract* 
rhythmically  in  a  manner  analogous  to  the  heart. 
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ifcj  was  enunciated  by  Hal  lor  more  than  a  century  ago,  and  was 
afterwards  keenly  debated.  It  was  finally  settled  by  an  experiment  of 
Claude  Bernard  which  can  be  easily  repeated  by  every  student. 

If  a  Eros  is  taken  and  its  brain  destroyed  by  pithing,  it  loses  con- 
sciousness, but  the  circulation  goes  on,  and  the  tissues  of  ite  body 
retain  their  vitality  fur  a  considerable  tiina  If  now  a  few  drops  of  a 
solution  of  curare,  the  Indian  arrow  poison,  BOW  injected  with  a  small 
syringe  under  the  skin  of  its  back,  it  loses  in  a  few  minutes  all  power  of 
movement.  If  next  the  sciatic  or  any  other  nerve  going  to  muscle  is 
dissected  out  and  stimulated,  no  movement  occurs  in  the  muscles  to 
which  it  is  distributed.  Curare  paralyses  the  motor  end-plates,  so 
that  for  all  practical  purposes  the  muscles  aro  nervoless ;  or  rather 
nervous  impulses  cannot  get  past  the  end-plates  and  cause  any  effect 
on  the  muscles.  But  if  the  muscles  are  stimulated  themselves  they 
contract. 

Another  proof   that  muscle  possesses  inherent  irritability   was 

need  by  Kuhne.  In  part  of  some  of  the  frog's  muscles  («.</.  part 
of  the  sartorius)  there  aro  no  nerves  at  all ;  yet  thoy  are  irritable  and 
contract  when  stimulated. 

The  evidence  of  tho  statement  just  made  that  the  poisonous  effect 
of  curare  is  on  the  end-plates  is  the  following: — The  experiment 
described  proves  it  is  not  the  muscles  that  are  paralysed.  It  must 
therefore  be  either  the  nerves,  or  the  links  between  the  nerve-fibres 
and  the  muscular  fibres.  By  a  process  of  exclusion  we  arrive  at  the 
conclusion  that  it  is  thoso  links,  for  tho  following  experiment  shows  it 
is  not  tho  nerves.  Tho  frog  is  pithed  as  before,  and  then  one  of  its 
legs  is  tightly  ligatured  so  as  to  include  everything  except  the  sciatic 
nerve  of  that  leg.  Curare  is  injected  and  soon  spreads  by  the  circu- 
lating blood  all  over  tho  body  except  to  the  leg  protected  by  the  liga- 
ture. It  can  get  to  the  sciatic  nerve  of  that  leg  because  that  was  not 
tied  in  with  the  rest.  The  sciatic  nerve  of  the  other  leg  is  now 
dissected  out;  when  the  muscles  supplied  by  it  cease  to  contract 
when  the  norvo  is  stimulated,  the  frog  may  be  considered  to  bo  fully 
under  tho  influence  of  the  drug.  But  on  stimulating  the  sciatic 
nerve  of  the  protected  limb,  the  muscles  respond  normally;  this 
shows  that  tho  norvo  which  has  boon  exposed  to  the  action  of  the 
poison  has  not  been  affected  by  it. 


Varieties  of  Stimuli. 

Tho  normal  stimulus  that  leads  to  museulax  contraction  is  a 
nervous  impulse ;  this  is  Converted  into  a  muscular  impulse  (visible 
as  a  contraction)  at  the  end-platea  This  nervous  impulse  starts  at 
the  nerve-centre,  brain  or  spinal  cord,  and  travels  down  the  nerve  to 
the  muscle.     In  a  reflex  action  the  nervous  impulse  in  the  nerve- 
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cenjtre  is  started  by  a  sensory  impulse  from  the  periphery,  thus 
when  one  puts  one's  hand  on  something  unpleasantly  hot,  tho  hand  is 
removed;  tho  hot  object  causes  a  nervous  impulse  to  travel  to  the 
brain,  and  the  brain  reflects  down  to  the  muscles  of  the  hand  mother 
impulse  by  the  motor  nerves  which  causes  the  muscles  to  contract  in 
such  a  manner  as  to  move  the  hand  out  of  the  way. 

But  the  details  of  muscular  contraction  can  be  more  readily 
studied  in  muscles  removed  from  the  body  of  such  an  animal  as  the 
frog,  and  made  to  contract  by  artificial  stimuli.  When  we  have  con- 
sidered these,  we  can  return  to  the  lessons  they  teach  us  about  the 
normal  contractions  in  our  own  bodies. 

Tho  first  thing  to  do  is  to  make  from  a  pithed  frog  a  muscle-nerve 
preparation ;  the  muscle  usually  selected  is  the  gastrocnemius,  the 
large  muscle  of  the  calf  of  the  leg,  with  the  sciatic  nerve  attached. 
For  some  experiments  the  sartonus  or  gracilis  may  be  used;  but 
nearly  all  can  be  demonstrated  on  the  gastrocnemius. 

The  tendon  of  the  gastrocnemius  may  be  tied  to  a  lever  with  a 
flag  at  tho  end  of  it,  and  thus  its 
contractions  rendered  more  evi- 
dent; tho  bono  at  tho  other  end 
is  fixod  in  a  clamp.  Stimuli  may 
be  applied  either  to  the  nerve  or 
to  the  muscle.  If  the  stimulus  is 
applied  to  the  nerve,  it  iB  called 
indirect  stimulation  ;  the  stimulus 
starts  a  nervous  impulse  which 
travels  to  tho  muscle;  tho  muscle 
is  thus  stimulated  as  it  i  luntary  contraction  by  a  nervous 

impulse.  Stimulation  of  the  muscle  itself  is  called  direct  stimulation. 
These  stimuli  may  be : 

1.  Mechanical;  for  instance  a  pinch  or  blow. 

2.  Chemical ;  for  instance  salt  or  acid  sprinklod  on  the  nerve  or 
muscle. 

3.  Thermal ;  for  instance  touching  the  norve  or  muscle  with  a  hot 
wire. 

J ;  the  constant  or  the  induced  current  may  be  used. 

In  all  cases  tho  result  of  the  stimulation  is  a  muscular  contrac- 
tion. Of  all  methods  of  artificial  stimulation,  the  electrical  is  the 
one  most  generally  employed,  because  it  is  more  under  control  and 
the  strength  and  duration  of  the  stimuli  (shocks)  can  be  regulated 
easily.     Wo  shall  therefore  have  to  study  some  electrical  apparatus. 

Chemical  stimuli  are  peculiar,  for  some  which  affect  muscle  do 
not  affect  norve,  and  vice  versa ;  thus  glycerine  stimulates  nerve,  but 
not  musclo;  ammonia  stimulates  muscle,  but  not  motor  nerves. 

We  may  regard  stimuli  as  liberators  of  energy;  muscle  and  nerve 
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and  other  irritable  structures  undergo  disturbances  in  consequence  of 
a  stimulus.  The  disturbance  is  some  form  of  movement,  visible 
movement  in  the  case  of  muscle,  molecular  movement  in  the  case  of 
nerva  A  stimulus  may  be  regarded  as  added  motion.  Sir  William 
Gowers  compares  it  to  the  blow  that  causes  dynamite  to  explode,  or 
the  match  applied  to  a  train  of  gunpowder.  A  very  slight  blow  will 
explode  a  large  quantity  of  dynamite ;  a  very  small  spark  will  fire  a 
long  train  of  gunpowder.  So  in  muscle  or  nerve  the  effect  is  often 
out  of  all  proportion  to  the  strength  of  the  stimulus ;  a  light  touch 
on  the  surface  of  the  body  may  elicit  very  forcible  nervous  and 
muscular  disturbances ;  and  moreover,  the  effect  of  the  stimulus  is 
propagated  along  the  nerve  or  muscle  without  loss. 
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Muscle  undergoes  many  changes  when  it  contracts;  they  may  be 
enumerated  under  the  following  five  heads: — 

1.  Changes  in  form. 

2.  Changes  in  extensibility  and  elasticity. 

3.  Changes  in  temperature. 

4.  Changes  in  electrical  condition. 

5.  Chemical  changes. 

In  brief,  each  of  those  changes  is  as  follows : — 

1.  Changes  inform. — The  muscle  becomes  shorter,  and  at  the  same 
time  thicker.  The  amount  of  shortening  varies  so  that  the  length  of 
the  muscle  when  contracted  is  from  65  to  85  per  cent,  of  what  it  was 
originally.  Up  to  a  certain  point,  increase  of  the  strength  of  the 
stimulus  increases  the  amount  of  contraction.  Fatigue  diminishes, 
and  up  to  about  33  C.  the  application  of  heat  increases  the  amount 
of  contraction.  Beyond  this  temperature  the  muscular  substance 
begins  to  be  permanently  contracted,  and  a  condition  called  heat  rigor, 
due  to  coagulation  of  the  muscle  proteids,  sots  in  a  little  over  40°  C. 

What  the  muscle  loses  in  length  it  gains  in  width;  there  is  no 
appreciable  change  of  volume. 

Among  the  changes  in  form  must  also  be  mentioned  those  changes 
in  the  individual  muscular  fibres  which  require  a  microscope  for  their 
investigation ;  these  have  been  already  considered  (see  p.  84). 

2.  Changes  in  elasticity  and  extensibility. — The  contracted  muscle 
is  more  stretched  by  a  weight  in  proportion  to  its  length  than  an 
uneontracted  muscle  with  the  same  weight  applied  to  it;  tho 
extensibility  of  contracted  muscle  is  increased;  its  elasticity  is 
diminished. 

3.  Changes  in  temperature. — When  muscle  is  at  work  or  contract- 
ing, more  energetic  chemical  changes  are  occurring  than  when  it  is 
at  rest ;  more  heat  is  produced  and  its  temperature  rises. 

4.  Changes  in  electrical  condition. — A  muscle  when  it  contracts 
undergoes  a  diphasic  variation  in  its  electrical  condition. 
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5.  Chemical  changes. — These  consist  in  an  increased  consumption 
of  oxygen,  and  an  increased  output  of  waste  materials  such  as  car- 
bonic acid,  and  sarco-lactic  acid  After  prolonged  contraction  the 
muscle  consequently  acquires  an  acid  reaction. 

These  five  sets  of  changes  will  form  the  subjects  of  the  following 
five  chapters. 


CHAPTER   X 
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Though  it  has  boon  known  since  the  time  of  Erasistratus  (B.C.  ^04) 
that  a  muscle  becomes  thicker  and  shorter  when  it  con  tracts,  it  was 
not  until  the  invention  of  the  graphic  method  by  Ludwig  and  Helm- 
holtz,  about  sixty  years  ago,  that  we  possessed  any  accurate  knowledge 
of  this  change.  The  main  fact  just  stated  may  be  seen  by  simply 
looking  at  a  contracting  muscle,  such  as  the  biceps  of  one's  own  arm  . 
but  more  elaborate  apparatus  is  necessary  for  studying  the  various 
phases  in  contraction  and  the  different  kinds  of  contraction  that  may 
occur. 

Those  may  he  readily  demonstrated  on  the  ordinary  muscle-nerve 
preparation  (gastrocnemius  and  sciatii-  nerve)  from  a  frog.  By  the 
graphic  method,  one  means  that  the  movement  is  recorded  by  a  writ- 
ing. We  shall  find  that  the  same  method  is  applied  to  the  heart's 
movements,  respiratory  movements,  blood  pressure,  and  many  other 
important  problems  in  physiology.  Tho  special  branch  of  the  graphic 
method  wo  have  now  to  study  is  called  myography;  the  instrument 
for  writing  is  called  a  myograph ;  tho  writing  itself  is  called  a  myogram. 
Put  briefly,  a  myograph  consists  of  a  writing  point  at  the  end  of  a 
lever  attached  to  the  muscle,  and  a  writing  surface  which  travels  at  a 
uniform  rate,  on  which  the  writing  point  inscribes  its  movement. 

The  first  thing,  however,  that  is  wanted  is  something  to  stimulate 
the  muscle  and  make  it  contract ;  the  stimulus  is  usually  applied  to 
the  nerve,  and  the  form  of  stimulus  most  frequently  employed  is 
electrical 

Tho  galvanic  battery  in  most  common  use  is  the  Daniell  cell.  It 
consists  of  a  well-amalgamated  zinc  rod  immersed  in  a  cylinder  of 
jwrous  earthenware  containing  10  per  cent,  sulphuric  acid;  this  is 
contained  within  a  copper  vessel  (represented  as  transparent  for 
diagrammatic  purposes  in  fig.  133)  filled  with  saturated  solution  of 
copper  sulphate.  Each  metal  haa  a  binding  screw  attached  to  it,  to 
which  wires  can  I*  <<\.     The  zinc  rod  is  called  the  positive, 

element,  the  copmr  tho  negative  element.     The  distal  ends  of  the  wires 
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1686  are  called  poles  or  dcrtrmlt*.  and  I  he  ]  ■  ii t  of  oleotrodos 
may  be  conveniently  held  in  a  special  form  of  holder     Tlie  electrode 
tied  to  the  positive  element  (zinc)  is  called  tbe  najative  pole  or 
kathode;  that  attach™!  to  the  negative  ele- 
ment (copper)  is  called  the  positive  pole  or 
anode.     If  now  tho  two  electrodes  are  con- 
nected together,  an  electrical,  galvanic  or 
c-onstant  current  flows  from  the  copper  to 
the  zinc  outside  the  battery,  and  from  the 
zinc  to  the  copper  through  the  fluids  of  the 
battery  ;  if  the  electrodes  are  not  connected 
the  circle  is  broken,  and  no  current  can 
flow  at  all     If  now  a  nerve  or  muscle  is 
lOVOBB  the  two  electrodes  the  circuit  is 
oomptotdd,  Bad  it  will   be  noticed  at  the 
iiHiniiiiit   (if  oompletion  of  the  circuit  the 
muscle    outers    into    contraction ;    if    tho 
muscle  is  lifted  off  the  oltxitrodos,  another  con  occurs  at  the 

moment  tho  circuit  is  broken.  The  same  thing  is  done  more  con- 
veniently by  moans  of  a  key:  fig.  134  represents  two  common 
forms  of  key.     A  key  is  a  piece  of  apparatus  by  which  the  current 
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can  bo  Ulowod  to  pass  or  not 
through  tho  norve  or  muscle  laid 
00  ■'.■trades.     When  the  key 

18  open  tho  current  is  broken,  as  in 
the  next  figure  (fig.  135);  when  it  is  closed  the  current  is  allowed 
to  pass.  The  opening  of  the  key  is  called  break ;  the  closing  of  the 
key  is  called  make.  A  contraction  occurs  only  at  make  and  break, 
not  while  the  current  is  quietly  traversing  the  nerve  or  muscle. 
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Bat  it  will  be  seen  in  the  Du  Bois  Reymond  key  (fig.  134)  that 
there  are  four  binding  screws.  This  key  is  used  as  a  bridge  or  short 
circuiting  key,  and  for  many  reasons  this  is  the  best  way  to  use  it. 
The  next  diagram  (fig.  136)  represents  this  diagrammatically.  Tho 
two  wires  from  the  battery  go  one  to  each  aide  of  the  key;  the  elec- 
trodes come  off  one  from  each  side  of  the  key.  When  the  key  is  open 
no  current  can  get  across  it,  and  therefore  all  the  current  has  to  go  to 
the  electrodes  with  the  nerve  resting  on  them  ;  but  when  the  key  is 
closed,  the  current  is  cut  off  from  the  nerve,  as  then  practically  all  of 
it  goes  by  tho  metal  bridge,  or  short  cut,  back  to  the  battery.  Theo- 
retically a  small  amount  of  current  goes  through  the  nerve ;  but  the 
resistance  of  animal  tissues  to  electrical  currents  is  enormous  as  com- 
pared to  that  of  metal,  and  the  amount  of  electricity  that  flows  through 
a  conductor  is  inversely  proportional  to  the  resistance;  the  resistance 
in  the  metal  bridge  is  so  small  that  for  all  practical  purposes,  all  the 
current  passes  through  it. 

Another  form  of  electrical  stimulus  is  the  induced  current,  pro- 
duced in  an  induction  coiL 

In  a  battery  <>f  which  tho  metals  are  connected  by  a  wire,  we  have 
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seen  that  tho  current  in  the  wire  travels  from  the  copper  to  the  BUG  , 
if  we  have  a  key  on  the  course  of  this  wire  tho  current  can  be  mode 
or  broken  at  will.  If  in  the  neighbourhood  of  this  wire  we  have  a 
second  wire  forming  a  complete  circle,  nothing  whatever  occurs  in  it 
while  the  current  is  flowing  through  the  first  wire,  but  at  the  instant 
of  making  or  breaking  the  current  in  the  first  or  primary  wire,  a 
momentary  electrical  current  occurs  in  the  secondary  wire,  which  || 
called  an  induced  current;  and  if  the  secondary  wire  is  not  a  complete 
circle,  but  its  two  ends  are  connected  by  a  nerve,  this  induction  shock 
traverses  the  nerve  and  stimulates  it;  this  cauBoa  a  nervous  impulse 
(0  travel  to  the  muscle,  which  in  consequence  contracts. 

If  the  first  and  second  wires  are  coiled  many  times,  the  effect  is 
increased,  because  each  turn  of  the  primary  coil  acts  inductively  on 
each  turn  of  the  secondary  I 

The  direction  of  tho  current  induced  DO  the  secondary  coil  is 
the  same  as  that  of  the  current  in  tho  primary  coil  at  the  break  ;  in 
the  opposite  direction  at  the  make.  The  nearer  the  secondary  coil 
is  to  the  primary,  the  stronger  are  the  currents  induced  in  the 
fanrar. 
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Fig.  137  reprosontH  ilu  Du  Buis  Roymond  soil,  the  ono  generally 
Bmplojed  in  physi ologioaJ  ox-jH-'rimonts.  c  is  the  primary  coil,  and  d 
ami  d'  its  two  ends,  which  are  attached  to  the  bai  key  being 

interposed  for  making  and  breaking;  g  is  the  secondary  coil,  the  two 
terminals  ui  which  are  at  its  far  end  ;  to  these  the  eloctrodes  to  the 
nerve  are  attached;  the  distance  between  tlio  two  coils,  and  so  the 
strength  of  the  induction  eurnnts,  can  bo  varied  at  will.  Ti  in  only 
ihn  primary  eurect  is  made  O  broken,  or  its  intensity  increased 
or  diminished,  that  induction  shocks  occur  in  the  secondary  circuit 
which  stimulate  the  nerve.  When  one  wishes  to  produce  a  rapid 
succession  of  make  and  break  shocks  the  automatic  interrupter  or 
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Wagner's  hammer  seen  at  the  right-hand  and  of  the  diagram  is 
included  in  the  circuit. 

The  next  thing  to  be  noticed  is  that  the  break  effects  are  stronger 
than  the  niako  offects ;  this  is  easily  felt  by  placing  the  electrodes 
On  the  tongue.  This  is  duo  to  what  is  called  Faraday's  extra 
current.  This  is  a  current  produced  in  tho  primary  coil  by  the 
inductive  influence  of  contiguous  turns  of  that  wire  on  each  other; 
its  direction  is  against  that  of  the  battery  current  at  make,  and  so 
the  make  shock  is  lessoned.  At  the  break  the  extra  current  is  «>f 
such  short  duration  (because  when  tho  circuit  is  broken  there  can  be 
no  current  at  all)  that  for  all  practical  purposes  it  may  be  considered 
as  non-existent. 

The  same  difference  of  strength  occurs  alternately  in  the  repeated 
shocks  produced  by  Wagner's  hammer.  Helraholtz,  to  obviate  this, 
introduced  a  modification  now  known  after  him.  It  consists  in 
bridging   the  current   by  a  side  wire,   so  that   the  current  never 
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entirely  ceases  in  the  primary  coil,  but  is  alternately  strengthened 
and  weakoned  by  the  rise  and  fall  of  the  h  _i honing 

corresponds  to    the  ordinary  I  i  akoned    by  tho  inako 

extra  current,  which  occurs  in  t>he  opposite  direction  to  the  battery 
current;  the  break  is  also  incomplete,  and  so  it  is  weakened  by  tin- 
break  extra  current,  which  c 
being  in  the  same  direction  3L 
as  the  battery  current  im- 
pedes its  disappcarai 

The    two    next    diagrams 
show  tho  wa.  "irupter       CflW 

acts.  We  are  supposed  to  be  /O 
looking  at  the  end  of  the  \~5ti\ 
primary  coil;  tho  battery 
wires  are  attached  to  tho 
kng  Bcrews  A  Bud  E  (fig. 
138).  Tho  current  now  passes 
to  tho  primary  coil  by  the 
pillar  on  the  left  and  the  spring  or  handle  of  the  hammer  as  far  as 
the  screw  (C);  afteii  going  round  the  primary  coil,  ono  turn  only  of 
which  is  seen,  it  twists  round  a  pillar  of  soft  iron  on  the  right-hand 
side,  and  then  to  the  screw  E  and  back  to  the  battery ;  the  result 
of  a  current  going  around  a  bar  of  soft  iron  is  to  make  it  a  magnet, 
so  it  attracts  the  hammer,  and  draws  tho  spring  away  from  the  top 
screw  C,  and  thus  breaks  the  current;  the  current  ceases,  the  soft 

i  is  no  longer  a  magnet,  so 
it  releases  the  hammer,  and 
contact  is  restored  by  tho 
spring;  then  tho  same  thing 
starts  over  again,  and  so  a 
succession  of  break  and 
make  shocks  occurs  alter- 
nately and  automatically. 

In   Helmholtz's  modifica- 
tion   (fig.    139)   tho    battery 
wires  are  connected  as  before. 
The  interrupter  is  bridged  by 
nq.  i8B.  a  wire   from    B   to   C  (also 

shown   in   fig.   137,  «).    C   is 
raised  out  of  reach,  and  the  lower  screw  I*  is  brought  within  reach 
<if  the  Spring.     Owing  to  the  Wire  BO,  the  vibration  of  the  hammer 
■  oniiicl'.  i  In ■  current. 

Instead  of  Wagner's  hummer  a  long  vibrating  reed  constructed 
on  the  same  principle  is  often  OSedL  This  has  tho  advantage  that 
the  rate  of  vibration  can  be  varied  at  will  by  meant  of  B  sliding 
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clamp  which  fixes  the  reod,  bo  that  different  lengths  of  it  can  be 
made  to  vibrato.  If  a  long  piece  of  reed  vibrates,  it  does  so  slowly, 
and  thus  successive  induction  shocks  at  long  intervals  can  be  sent 
into  tho  nerve.  But  if  ono  wishes  to  stimulate  a  nerve  more  rapidly, 
tho  length  of  rood  allowed  to  vibrato  can  be  shortened. 

In  Ewald's  modification  of  the  coil  there  is  another  simple  method 
of  modifying  the  rate  ai  the  interrupter.  Hut  an  hour  spout  in  the 
laboratory  with  an  induction  coil  and  cell  will  teach   the  student 


Km.  140.— Myograph  of  von  Helmholtz,  aliowa  iu  an  IncoropleU  form. 
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forceps  tor  boldlog  (rog'n 
marker  recording  on   cylinder;/. 


imiuh  mora  easily  all  these  facts  than  any  iinmijnl  if  reading  and 
description. 

We  can  pass  now  to  the  myograph.  There  are  many  different 
forms  of  this  instrument.     Fig.  140  shows  Helmholtz's  instrument. 

The  bony  origin  of  the  gastrocnemius  is  held  firmly  by  forceps, 
and  the  tendo  Achillis  tied  to  a  weighted  lever ;  the  end  of  the  lever 
is  provided  with  a  writing-point  such  a3  a  piece  of  pointed  parch- 
ment; when  the  muscle  contracts  it  pulls  the  lever  up,  and  this 
movement  is  magnified  at  the  end  of  the  lever.  The  writing-point 
scratches  on  a  piece  of  glazed  paper  covered  with  a  layer  of  soot ;  the 
paper  is  wrapped  round  a  cylinder.  When  the  lever  goes  up  the 
writing-point  will  mark  an  up-stroke;  when  it  falls  it  will  mark  a 
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down-stroke,  and  if  the  cylinder  is  travelling,  the  down-stroke  will 
1«  written  on  a  different  part  of  the  paper  than  the  up-stroke;  thus 
a  muscle  curve  or  myogram  is  obtained.  The  paper  may  then  be 
removed,  varnished,  and  preserved. 

Fig.  141  allows  a  somewhat  different  arrangement. 

The  muscle  is  fixed  horizontally  on  a  piece  of  cork  B,  one  end 
being  fixed  by  a  pin  thrust  thmuch  the  knee-joint  into  the  cork;  the 
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■  i   Tarrying  uniokwl  ]«|  .-,  Umi  tniurln  arranged  upon  a  cork 

covtwd  boara  wnichl»Mi>»l.i"i.i  i*iriB  rml»v<lQr  l'>w?r»d  on  th^ui'ri^tit.  »l<irli  alaocaji  b«  niowl 


•long  a  m)1W  triangular  baruf  mr-ul  alui-liM  to  tli»-  laun  of  th*  recording  apparatus 


tlie  trnilon  of 

i  pun  .    1 1  ■ 


Ui«    ,■■...  ,    JinilKTlv    urlghtof,    liy 

elKtrodcs  from  Ui*- a«H.<ui*lary  coll  [**»  to  iho  n«rv«—  bHik'.  RJI  >M  sake  of  oonwalonca,  Unit  of  all 
brought  tii  tlio  haturr 

(ill  till"  Ar.  a  tMi'limniat*  our)  ,  K,  Urn  kry  (Hui»'<)  In  Ui»  (iriiiruitj  eirvtilL 

i.s  tied  to  a  lever  which  is  weighted  near  its  fulcrum: 
the  lever  is  so  arranged  that  it  rests  on  a  screw  till  the  muscle  begins 
to  contract;  the  muscle  therefore  does  not  feel  the  weight  till  U 
begins  to  contract,  and  gives  a  better  contraction  than  if  it  had  been 
previously  strained  by  EM  weight.  This  arrangement  is  callod  after- 
loading. 

The  writing  surface  is  again  a  travelling  cylinder  tightly  covered 
with  ainuked  glazed  paper.     Tim   rest  oJ  tin*  apparatus  shows  how 

H 
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cell,  coil,  keys,  and  electrodes  aro  applied  with  the  object  of  stimulat- 
ing the  nerve. 

The  key  E  makes  and  breaks  the  primary  circuit,  but  the  effect  is 
only  felt  by  the  muscle-nerve  preparation  when  the  short-circuiting 

I)  in  the  secondary  cin.-.uit  is  op*-: 

InM,m<]  t)f  tlie  key  E  it.  is  better  to  have  what,  is  called  a  "  kick- 
over"  koy  which  the  cylinder  by  means  of  a  bar  projecting  from  it 
knocks  over  and  so  breaks  the  primary  circuit  during  the  course  of  a 
revolution.  The  oxact  position  of  the  writing-point  at  the  moment 
of  break,  that  is  the  moment  of  excitation,  can  then  be  marked  on 
the  blackened  paper. 

Besides  the  travelling  cylinder  there  are  othor  forms  of  writing 


Kim.  HI.-  Du  Bote  R^ymond'n  Spriog  Mvogriph.    (K'ffwddtfcj 

surface.  Thus  fig.  142  represents  the  spring  myograph  of  Du  Bois 
ttond.  Here  a  blackened  glass  plate  is  shot  along  by  the  recoil 
of  a  spring;  as  it  travels  it  kicks  over  a  key,  and  the  result  of  this, 
the  muscular  contraction,  is  written  on  the  plate. 

The  pendulum  myograph  (fig.  143)  is  another  form.  The  pen- 
dulum carries  a  smoked  glass  plate  upon  which  the  writing-point  of 
the  muscle  lever  is  made  to  mark.  The  break  shock  is  sent  into  the 
muscle-nerve  preparation  by  the  pendulum  in  its  swing  opening  a 
key  in  the  primary  circuit.  This  is  shown  in  an  enlarged  scale  in  BC 
(fig.  143) 

To  keep  the  preparation  fresh  during  an  experiment,  it  should  be 
covered  with  a  glass  shade,  the  air  of  which  is  kept  moist  by  means 
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lime-marker  is  a  tuning  mtinfl  10U  times  a  second.     This  is 

struck,  and  by  means  of  a  writing-point  fixed  on  to  one  of  the  prongs 
of  the  fork,  these  vibrations  may  bo  written  bencuih  the  myogram. 
More  elaborate  forms  of  electrical  time-markers  or  chronographs  are 
frequently  employed. 

The  Simple  Muscle  Curve. 

We  can  now  pass  on  to  results,  and  study  first  the  result  of  a 
single  instantaneous  stimulus  upon  a  muscle.  This  causes  a  single 
or  simple  muscular  contraction,  or  as  it  is  often  called  a  twitch.     The 

graphic  record  of  such  a  contraction  is  called  the  wimple  muscle  curve. 
na  of  theso  is  shown  in  the  accompanying  figure  (fig.  145). 
The  Upper  line  (m)is  traced  by  thetena  of  the  lever  in  connection 


?U  Imurre.    (V.  Fu«Ut.) 

with  a  muscle  liter  stimulation  of  the  muscle  by  a  single  induction- 
shock  :  the  middle-line  (/)  is  that  described  by  a  lover,  which  indicates 
by  a  sudden  drop  the  exact  instant  at  which  the  induction-shock  is 
coven,  Tho  lowor  wavy  line  (0  is  traced  by  a  tuning-fork  vibrating 
200  timos  a  second,  and  serves  to  measure  precisely  the  time  occupied 
in  each  part  of  the  contraction. 

It  will  bo  observed  that  after  the  stimulus  has  been  applied  as 
ited  by  the  vertical  line  s,  there  is  an  interval  before  the  con- 
traction commences,  as  indicated  by  the  line  c.  This  interval,  termed 
the  latent  period,  when  measured  by  the  number  of  vibrations  of  the 
tuning-fork  between  tho  linos  s  and  c,  is  found  to  be  about  jjn8**- 
During  the  latent  period  there  is  no  apparent  change  in  the 
muscle 

The  second  part  is  the  stage  of  contraction  proper.  The  lever 
is  raised  by  the  shortening  of  the  muscle.  The  contraction  is  at  first 
very  rapid,  but  then  progresses  more  slowly  to  its  maximum,  indicated 
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by  the  line  mx,  drawn  through  its  highest,  point     It 
□gore  ffyMQ. 

Tho  next  stage  is  the  stage  of  elongation.  Alter  reaching  its 
highest  point,  the  lever  begins  to  descend,  in  eonsoquanoa  of  tho 
elongation  of  tin:  musclo.     At  first  tho  fa!!  i  i.  1  .it   kbOD  be- 

.es  more  gradual  until  the  h  «hm$sa  ur  base  lil 

and  the  duuqIg  its  pre  indicated  in  : 

Bgrae  bv  tho  line  c.     The  stage  occupies  .y^sec.     Very  ffeoi 

main  ft  n  the  lever  rises  once  or  twice  to  a  slight  ext- 

producing  small  ourves  (afl  in  Bg,  147).  These  contractions  are  simply 
due  to  the  elasticity  of  the  inuscln  and  recording  apparatus,  and  are 
most  marked  when  the  contraction  is  rapid  and  vigorous. 

The  whole  contraction  occupies  about  -iV  of  a  second.  With 
regard  to  the  la-tent  period)  it  should  be  pointed  out  that  if  the  muscle 
is  stimulated  indirectly,  if,,  through  its  nerve,  Borne  o!  the  apparent 

lost  time  is  occupied  in  tin-  ptQpagatJOB  Of  thfl  DOTVOOJ  impulse  along 

oerre.  To  obtain  the  true  latent  penodj  tins  must,  be  deducted. 
Then  there  is  latency  in  tho  apparatus  (friction  of  the  lever,  eta)  bo 
be  taken  into  account.  This  can  be  got  rid  of  by  photographing  tho 
conti noting  muscle,  on  a  sensitive  photographic  plate  travelling  at 
an  accurately-timed  rate.  By  such  means  it  is  found  that  the  true 
latent  period  is  much  shorter  than  was  formerly  supposed.  It  is 
"n'y  t  htf  of  a  second.     In  rod  muscles  it  is  longer. 

Wc  now  COnu  I"  tin-  action  of  various  factors  in  modifying  the  character  of  the 
simple  muscle  curve. 

1.  Influents  uf  tlrtmgth  uf  fftfttfrSW.  —A  minimal  stimulus  is  that  which  is  just 
Strang  enough  tn  give  a  contraction  If  the  strength  of  stimulus  is  increased  the 
amount  of  contraction  as  measured  by  the  height  of  The  curve  i*  increased,  until  a 
mi  fi.iini  If  reached  (maxfsaal  stimulus},  beyond  wbJi  h  IncraoM  iu  the  stimulus 
produces  no  increase  in  the  anuuml  of  ( <  attract  inn.  The  latent  period  is  shorter 
with  a  Strang  than  with  I  weak  stimulus. 

nttniur*    of  IimuI.      Up   to    n    certain    point    BBCMASC   of   load  inOfSBM 
amount  of  contraction,  bcyon>  mil  at  last  a  weight  is  reached 

which  the  muscle  is  unable  to  lift.  The  latent  period  if  somewhut  longer  with  a 
henry  load  than  with  a  light  om 

3.  Inflntnre  oj/niHrvt. — This  can  be  very  well  illustrated  by  letting  the  muscle 
write  a  curve  with  every  revolution  of  the  cylinder,  until  it  ceases  to  contract 
lit   all.      I  bows  the  early  stages  of  fatigue.     At  first  the  MSI 


I .'..  I4o.— Kali,.' 

tractions  imnnnc,  each  bring  n  little  higher  than  the  preceding:  this  is  known  as 
the  l<+ntfifi<u  *ffrft  of  a,  and  the  graphic  record  If  called  ••  sfoirfaM      Then 

the  contractions  get  less  and  less.     But  wh.it  is  msti  BOtfCOSbfe  is  that  the  contrite- 
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T.i hi   i-  muck  more   prolonged;    Mm  ><1  ^<i>  logger;   the   penod    of 

contraction  gets  longer  :  and  the  period  of  relaxation  gets  very  much  longer  ;  then 
!■  a  ■  known  »s  ttontrai  ■■  that  (be  original  base  fine  is  not  reached  by 

••liinulus   arrives.     In   the   last  stages  of  fatigue,  contract  lire 
passes  off. 

J.    Kff.H  tftm  —Cold  at  fir-t  taCTCMCB  the  height  of  contraction,  then 


of  tonpantun on  a  tingle  raaaoalar  mat;  h   »»rrn  ;  '"i.onoliaj  : 

CS,  wry  cold;  P.  pcSal  of  »tiniul*tloo.    Th«  above  tracing  l»  a  considerably  rduc-ei  f»cioine  of  m 
trarfnf  Ukrn  with  Uib  pewtalam  myognfh. 

ilun  a    the    effect    is    very  like   that    xA    ffcUgM    increasing    HkC 

ilur  i'i  •hi  of  all  stages  of  the  curve. 

Moderate  warmth  locreaoi  i  the  bright  and  diminishes  the  duration  of  all  stages 
of  the  cm  i  ..  period  Included,    This  may  in-  readily  shown  by  dropping  ft 

warm  Mill   solution'  on  to  the  nonjck  before  taking  m  curve.    Ton  great  heat 

(above  42    l    j  „,r  due  to  the  coagulation  of  the  muscle  i      '    U 

S.  /..'  Ii  this  is  injected  into  the  frog  before  the  BUScJe-nerte 

preparation   fs   innde,  the    very   remark  dole   P  -ult    seen   in  the   next  diagram  i 


Via.  lib.— Wnc.ni.o  curvo,  tak«n  on  *  very  Mowly -travelling  |cy under ;  the  time  tracing  I 

produced  on  stimulation  ;  there  is  an  ttottnooi  prolongation  of  the  period  of  relaxa- 
tion: marked  by  a  secondary  rise,  and  soinelimcs  by  tremors.  After  repented 
stimulation  this  effect  passes  off.  hut  returns  after  a  period  of  rest. 


The  Muscle- Wave. 

Tin!  first  part  of  a  muscle  which  contracts  is  the  part  whore  the 
norvo-tibres  enter;  but  nerve  impulses  are  so  rapidly  carried  to  all 
the  fibres  that  for  practical    pur  hoy  all  contract  together. 

Hut  in  a  nerveless  muscle,  that  tfl  one  rendered  physiologically  nervc- 

*  Physiological  saline  solution  used  for  bathing  living  tissue  is  n  Q"7  to  09  per 
tent,  solution  of  sodium  chloride  in  Ordinary  tan  water. 
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less  by  curare,  if  one  end  of  the  muscle  is  stimulated,  the  contraction 
travels  as  a  wave  of  thick.  i,ho  other  end  of  the  muscle,  and 

the  rate  of  propa_  wi  in  of  this  wave  can  be  recorded  graphically. 
The  next  figure  (tig.  149)  represents  one  of  the  numerous  methods 
that  have  been  devised  for  this  purpose.  A  muscle  with  long  parallel 
fibres,  like  the  sartorius,  is  taken ;  it  is  represented  diagrammatically 
Ed  the  figure.  It  is  stimulated  at  the  end,  whoro  the  two  • 
-f-  and  — ,  are  placed;  it  is  grasped  in  two  placet  by  pincers,  . 
are  opened  by  the  wave  of  t&iolcening  ;  the  opening  of  the  fust  pair 
of  pincers  (1)  presses  on  a  drum  or  tambour  connocted  to  a  second 
tambour  with  a  recording  lever  (l'>,  and  this  lever  goes  up  first ;  the 


►  i      i  ii'.    ArraigBiaettL  for  incins  tl»«  iniuel«*waira.    (M'Kwirtek.) 

lever  (2')  of  the  tambour  connected  with  the  second  pair  of  pincers 
pel  up  later.  If  the  length  of  muscle  between  tho  pairs  of 
Bra  is  measurod,  and  by  a  time-tracing  the  delay  in  tin-  raising 
of  tho  second  lever  is  ascertained,  we  have  the  arithmetical  data  for 
calculating  the  rate  of  propagation  of  the  muscle-wave.  It  is  about 
3  metres  per  second  in  frog's  muscle,  but  is  hastened  by  warmth  and 
delayed  by  cold  and  fatigue. 


The  Effect  of  Two  successive  Stimuli. 

If  a  second  stimulus  follows  the  first  stimulus,  so  that  the  muscle 
receives  the  second  stimulus  before  it  has  finished  contracting  under 
tho  influence  of  the  first,  a  second  curve  will  be  added  to  the  first, 
as  shown  in  the  accompanying  diagram  (fig.  150).     The  third  little 
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curve  is  only  due  to  elastic  after-vibration.     This  is  called  super- 
position, or  summation  of  effects. 

If  the  two  stimuli  are  in  Booh  close  succession  that  the  8ee<  u  1 
occurs  during  the  latent  period  of  the  first,  the  result  will  d. 
according  as  the  stimuli  are  maximal  or  submaximaL     If  they  are 
maximal,  the  second  Btirnulus  is  without  effect:  1  at  if  submaximnl 


10.  Tracing  nr  ■  doobli  rniiv-i«-.<-nrv.  To  !••  mi  mm  tafl 
engaged  in  the  Brat  contraction  (whoa*  oonpteu  eocrae.  lia>!  i 
Uio  doltad  tine),  a  Maoatf  tadaeuoB-ehock  »aa  thrown  In,  at  ■ 

>n  began  Joe*  M  the  IrM  »•*  bertnnliHC  ' 
the  llr«t,  »»  doe*  the  Qwt  from  tfi»  bate  line.    (SI.  Ko*t«?t.) 


rr«Md,  U  lud!eat«i  by 
that  the  mull  con- 
re  la  aoan  to  etart  from 


the  two  stimuli  are  added  together,  an* I  though  priMluring  a  simple 
muscle-curve,  produce  one  which  is  bigger  than  either  would  have 
produced  separately.     This  is  called  summation  of  stimuli. 

Effect  of  More  than  Two  Stimuli. 

J ust -as  a  second  stimulus  adds  its  curvo  to  that  written  as  the 
result  of  the  first,  so  a  third  stimulus  superposes  its  effect  on  the 


i  —  Curre  of  taooaibtot*  teUnua,  obtained  from  the  gaatxocunuiiui  of  a  fix*,  where  Uie  alioclu 
••ere  aent  in  from  an  Induction  coll,  about  alxt«eu  timoa  a  second,  by  the  Interruption  of  the 
irj-fiinent  by  m«ai  ■■■I  Into  a  cup  uf  mercury,  and  broke 

tha  primary  carreut  at  each  vibration.    (Tracing  to  be  read  right  to  left. ) 

second  ;  a  fourth  on  the  third,  and  so  on.     Each  successive  increment 
is,  however,  smaller   than   the  preceding,  and  at  last  the  muscle 


BE.  X.] 


TETANUS 


121 


remains  at  a  maximum  contraction,  till  it  begins  to  relax  from 
fatigue. 

A  succession  of  stimuli  may  be  sent  into  the  nerve  of  a  nerve- 
muscle  preparation  by  means  of  the  Wagner's  hammer  of  a  coil,  or 
the  vibrating  reed  previously  mentioned  (p.  111).  This  method  of 
stimulation  is  called/'  ion,     figs   1 51  and  152  show  tho  kind 

of  tracings  one  obtains.  The  DtQ&bet  i>t"  rout-ructions  corresponds  to 
umber  of  stimulations;  the  condition  of  prolonged  contraction 
M  produced,  the  muscle  nover  relaxing  completely  between  the 
individual  contractions  of  which  it  is  made  up,  is  called  Utanus: 
incompUU  tetanus,  or  clonus,  when  the  individual  contractions  are 
discernible  (fig.  151) ;  complete  Utanus,  as  in  fig.  152,  when  the  con- 
tractions are  so  rapid  as  to  be  completely  fused  to  form  a  continuous 
line  without  waves. 

The  rate  of  faradisation  necessary  to  cause  complete  tetanus  varies 
a  good  deal ;  for  frocks  muscle  it  averages  15  to  20  per  second ;  for 


.-\«  of  complete  tot*jiu»,  fri»n»  *  Mriaa  Of  wiry  nuriil  ahocki  frum  a  magnetic  lnt«rnjp(»r. 
(Trftclim  to  t*  imJ  rlglit  to  i-tl.) 

the  pale  muscles  of  the  rabbit,  20  per  second ;  for  the  more  slowly 
contracting  red  muscles  of  the  same  animal,  10  per  second  ;  and  for 
the  extremely  slowly  contracting  muscles  of  the  tortoise  2  per  second 
is  enough.  With  fatigue,  the  rate  necessary  to  produce  complete 
tetanux  ii  diminished. 


Voluntary  Tetanus. 

We  have  seen  that  voluntary  muscles  under  the  influence  of 
.irtiliiial  stimuli  may  be  made  to  contract  in  two  ways:  a  single 
excitation  causes  a  single  contraction ;  a  rapid  series  of  excitations 
causes  a  series  of  contractions  which  fuse  to  form  tetanus. 

be  important  question,  in  which  of  these  two 
ways  does  voluntary  tttmolo  ordinarily  contract  in  the  body?  The 
answer  to  this  [a,  that  vataotary  contraction  resembles,  il  i  a  b  it  is 
not  absolutely  identical  with,  tetanus  artificially  produced.  It  is 
certainly  never  a  twit*  h.  The  nerve-cells  from  which  the  motor 
fibres  originate  do  not  possess  the  power  of  sending  isolated  impulses 
to  the  muscles;  they  send  a  series  of  impulses  which  result  in  a 
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muscular  tetanus,*  or  voluntary  tetanus,  as  it  may  conveniently  be 
tanned. 

If  a  stethoscope  is  placed  over  any  contracting  muscle  of  the 
human  body,  such  as  the  biceps,  a  low  sound  is  heard.  The  tone  of 
this  sound,  which  was  investigated  by  Wollaston,  and  later  by 
Holniholtz,  cm-responds  to  thirty -six  vibrations  per  second  ;  this  was 
regarded  as  the  first  overtone  of  a  note  of  eighteen  vibrations  | 
second,  and  fur  a  tang  time  18  per  second  was  believed  to  be  the 
rate  of  voluntary  tetanus. 

The  so-called  "muscle  sound"  is.however.no  indication  of  the 
rate  of  muscular  vibration.  Any  irregular  sound  of  low  intensity 
will  produce  the  same  note;  it  is,  in  fact,  the  natural  resonance-tone 
of  the  membraua  tyrupani  of  the  ear,  and,  therefore,  selected  by  tin- 
organ  of  hearing  when  WG  listen  to  any  irregular  mixture  of  faint. 

pitched  tones  and  noises. 

A  moon  more  certain  indication  of  the  rate  of  voluntary  tetanus 
is  obtained  by  the  graphic  method.  The  myographs  hitherto  de- 
scribed are  obviuusly  inapplicable  to  the  investigation  of  Buch  a 
problem  in  man.  The  instrument  employed  is  termed  a  transmis- 
sion myograph.  The  next  figure  shows  the  recording  part  of  the 
apparatus. 

It  is  called  A  Mnmy'.s  Xambonc     It  consists  of  a  dnuu,  on  the 

Scttw  la  nwilala  alaraUan  of  !«*■». 


ViMagtaw. 


1  — ri.t-  ■ 


Tut*  to  receiving 
Urn  bow. 


Tambour,  to  which  Ui»  Movement  of  Mm  column  of  «lr  Id  tin  nr»t  tambour  to 
conduct"]  by  Hub*,  and  from  which  It  1»  communicated  hjr  tha  lorer  U>  a  revolving  cylinder,  no 
U.at  the  tracing  of  tha  niov»m«nt  to  obUlnad. 

membrane  of  which  is  a  metallic  disc  fastened  near  one  end  of  a 
lover,  the  far  extremity  of  which  carries  a  writing  point.     The  interior 
of  the  di  inn  is  connected  by  an  india-rubber  tube  (seen  at  the  right- 
hiinl  cud  of  the  drawing)  to  a  second  tambour  called  the  rea 
tambour,  in  which  the  lever  is  absent.     Now  if  the  receiving 

tambour  is  held  in  the  hand,  and  tho  thumb  presses  on  the  metallic 

•  The  use  of  the  word  tetanus  in   physiology  must  not  be  confounded    with 

known  by  the  same  name,  in  which  the  most  marked  symptom  is  an 

inMise  condition  ot  muscular  tetanus  or  cramp. 
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disc  on  khfl  surface  of  it-a  membrane,  the  air  within  it  ia  set  into 
vibrations  of  the  same  rate  as  those  occurring  in  the  thumb  muscles; 
and  these  are  propagate!  to  the  recording  tambour  and  are  written 
in  a  magnified  form  by  the  end  of  the  lever  on  a  recording  travailing 
surface. 

The  tracing  obtained  is  very  like  that  in  fig.  151 ;  it  is  an  incom- 
plete tetanus,  which  by  a  time  marker  can  be  seen  to  be  made  up  of 
10  to  12  vibrations  a  second. 

In  some  diseases  these  tremors  are  much  increased,  as  in 
ic  convulsions  of  epilepsy,  or    those  produced    by   strychnine 
poisoning,  but  the  rate  is  the  same. 

tracings  can    1<  >i   in   animals  by  strapping  the 

receiving  tambour  on  the  surface  of  a  muscle,  and  causing  it  to 
contract  l-v  stimulating  the  brain  or  spinal  cord.  The  rate  of  stimu- 
lation makes  no  difference;  however  slow  or  fast  the  stimuli  occur, 
the  nerve-cells  of  the  central  nervous  system  give  out  impulses  at 
their  own  normal  rate. 

Tho  same  is  seen  in  a  reflex  action.  If  a  tracing  is  token  from  a 
j's  gastrocnemius,  the  muscle  being  [eft  in  connection  with  the 
rest  hi'  the  laxly,  its  tendon  only  being  severed  ami  tied  to  a  lever, 
and  if  tho  sciatic  nerve  of  tho  other  leg  is  cut  through,  and  the  end 
Iflhed  to  the  nine!  cord  is  stimulated,  an  impulse  passes  up  to  the 
cells  of  the  cord,  and  is  then  reflected  down  to  the  gastrocnemius, 
under  observation.  The  impulse  has  thus  to  traverse  nerve-colls; 
the  rate  of  simultation  then  makes  no  difference;  the  reflex  contrac- 
tion occurs  at  tho  sumo  rate,  10  or  12  per  socond. 

But  Q0W  a  ditliculty  arises;  if  a  twitch  onlv  DO!  i.pies  ,',,  of  a 
second,  there  would  be  time  for  ten  complete  twitches  in  a  second ; 
they  would  not  fuse  to  form  even  an  incomplete  tetanus.  There  must 
bo  BOme  means  by  which  each  individual  contraction  can  be  lengthened 
till  it  fuses  with  the  next  contraction ;  or,  in  other  words,  our  results 
of  electrical  stimulation  of  excised  nitiscles  must  not  be  applied 
without  reserve  to  tho  contraction  of  the  intact  muscles  in  the  living 
body  in  response  to  tho  will.  Recent  experiments  made  by  Sir  J. 
Bunko  Sanderson  on  tho  electrical  variatiuu  that  accompanies 
voluntary  movements,  have  shown  that  this  is  the  case:  each  com- 
ponent of  the  so-called  voluntary  tetanus  is  a  somewhat  prolonged 
_'le  contraction;  a  condition  which  closely  resembles  the  tonic 
contraction  of  involuntary  muscle. 

Lever    $ijAt..m<. — The  ai rangemejit  of  tho  muscles,  tendons,  and 
boi  examples  of  the  thine  .-v-ti'in.s  of  levers  which  will  be 

kiii  inyone  who  baa  studied  meenanics;  the  student  of  anatomy 

will  have  no  difficulty'  in  finding  examples  of  all  three  systems  in 
the  bodl  What  is  most  striking  is  that  the  majority  of  cases  are 
levers  01  the  third  kind,  hi  winch  there  is  a  loss  of  the  mocham 
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power  of  a  lever,  though  a  gain  in  the  rapidity  and  extant  of  the 
movement. 

Most  muscular  acts  involve  the  action  of  several  muscles,  often 
of  many  muscles.  The  acts  of  walking  and  running  are  examples  of 
very  complicated  muscular  actions  in  which  it  is  necessary  not  only 
that  many  muscles  should  take  part,  but  also  must  do  so  in  their 
proper  order  and  in  due  relation  to  the  action  of  auxiliary  and 
antagonistic  muscles.  This  harmony  in  a  complicated  muscular 
action  is  called  co-ordination. 

By  the  device  of  taking  instantaneous  photographs  at  rapidly 
repeated  intervals  during  a  muscular  act,  the  details  of  different 
modes  of  locomotion  in  man  and  other  animals  have  been  very 
thoroughly  worked  out  With  this  branch  of  research  the  name 
of  Prof.  Marey  is  intimately  associated. 


i  [AFTER  XI 

RXTEXS1RIMTV,  ELASTICITY,  AND  WORK  OF  MUSCLE 

Muscle  ia  both  extensible  and  elastic.  It  is  stretched  by  a  weight, 
that  is,  it  possesses  extensibility ;  when  the  weight  is  taken  off,  it 
returns  to  its  original  length,  that  is,  it  possesses  elasticity.  The  two 
properties  do  not  necessarily  go  together;  thus  a  piece  of  putty  is 
very  extensible,  but  it  is  not  elastic;  a  piece  of  steel  or  a  ball  of 


fa,.  lM.-<AfUr  Wallt-r.) 

ivory  are  only  slightly  extensible,  but  after  the  stretching  force  has 
been  removed  they  return  to  their  original  size  and  shape  very 
perfectly. 

A  substance  is  said  to  be  strongly  elastic,  when  it  offers  a  great 
resistance  to  external  forces ;  steel  and  ivory  are  strongly  elastic. 

A  substance  is  said  to  be  perfectly  elastic,  when  its  return  to  its 
original  shape  is  absolute;  again  steel  and  ivory  may  be  quoted  as 
oxamples. 

Muscle  is  verv  extensible,  i.e.t  it  is  easily  stretched;  it  is  feebly 
m 
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elastic,  i.e.,  it  opposes  no  great  resistance  U>  external  force . 
however,  perfectly  elastic;    that  is.  it  returns  v  I  shape 

very  exactly  after  stretching.     This  is  true  in  the  casu  l< 

within  the  body,  bat  aft  great  stretching  even  in  the  liod}-, 

and  still  more  so  after  removal  BOD  the  body,  when  it  begins  to 
undergo  degenerative  changes  culminating  in  death,  its  elasticity  is 
lass  perfect. 

The  cohesion  of  muscular   tissue  is  less  than    that  of  tendon. 
E.  Weber  stated   that  a  frog's   muscle  one  centimetre  square   in 
bean arorae   section   will   support   a  weight   of   a    kilogramme   (• 
2  lbs.)  Without  rupture,  but  thin  diminishes  as  1 1  le  gradually 

dies. 

The  extensibility  of  any  material  may  be  studied  and  recorded  by 
measuring  the  increase  of  length  which  occurs  when  that  materia ! 
loaded  with  different  weights.     In  Holmholtz's  myograph  (fig.  140), 
different  weights  may  be  placed  in  the  scale-pan  beneath  -ule, 

and  the  increase  of  length  recorded  on  a  stationary  blackened  cyliuder 
by  the  downward  movement  of  the  writing  point;  the  cylinder  may 
then  be  moved  on  a  short  distance,  more  weight  added,  and  the 
additional  increase  of  length  similarly  recorded,  and  so  on  for  a 
succession  of  weights. 

If  this  experiment  is  done  with  some  non-living  substance,  liko 
a  steel  spring  or  a  piece  of  india-rubber,  instead  of  a  living  muBOle, 
it  is  found  that  tho  amount  of  stretching  is  proportional  to  the  \\i;\y 
a  weight  =  2  produces  an  extension  twice  as  great  as  that  produced 
by  a  weight  =  1 ;  in  this  way  ono  obtains  a  tracing  like  that  seen  on 
the  left  hand  of  figure  154,  and  the  dotted  line  drawn  through  the 
towafft  points  of  the  extensions  is  a  straight  one. 

With  muscle,  however,  this  is  different ;  each  successive  addition 
of  the  same  weight  produces  smaller  and  smaller  increments  of  ex- 

sion,  and  tho  dotted  line  obtained  is  a  curve. 

A  continuous  curve  of  extensibility  may  be  obtained  by  placing 
a  gradually  and  steadily  increasing  force  beneath  the  muscle  instead 
of  a  successiun  of  weights  added  at  intervals.     T  BOnvooiflBt 

way  of  doing  this  is  to  use  a  steel  spring,  which  is  gradually  and 
steadily  extended ;  and  the  writing  point  connected  to  the  muscle 
inscribes  its  excursion  on  a  slowly  moving  cylinder.  If,  then,  after 
tho  musclo  has  boon  stretched,  the  steel  spring  is  gradually  and 
steadily  relaxed,  the  muscle  retracts  and  again  writes  a  curve  QQffl  in 
the  roverso  direction,  until  it  regains  its  original  length.*  But  in 
muscles  removed  from  the  body,  unless  thny  are  very  slightly  loaded, 
the  return  to  the  original  length  is  never  complete ;  the  muscle  is 


•  A  mathematical  examination  of  these  curves  show,  that  they  art  not  rect- 
angular hyperbolas  as  they  were  one n  d.     They  are  very  \  irl  ibk  ki 

and  cannot  be  identified  with  any  known  mathematical  curve. 
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permanently  longer  to  a  slight  extent,  which  varies  with  the  amount 

■  >f  the  previous  loading. 

If  the  muscle  is  slowly  loaded  and  slowly  unloaded,  the  curva 
of  its  tracinu:  ifl  much  more  marked  than  if  the  experiment  is  done 
rapidly. 

The  following  three  tracings  are  reproduced  from  somo  olttainoil 
l»y  I)r  Brodie.  In  the  method  used,  the  records  are  not  complicated 
by  the  curve  of  a  lever,  but  the  movement  was  simply  magnified  by 
a  beam  of  light  falling  on  a  mirror  attached  bo  tin  i  n  i  of  the  muscle, 
and  reflected  on  to  a  travelling  photographic  plate.  Each  traa 
to  be  read  from  right  to  left;  the  first  one  (A)  shows  the  result  of 
stretching  a  steel  spring  by  a  steadily  increasing  force;  the  end  . i( 
the  spring  gets  lower  and  lower, 
utd  dTeeonbefl  a  straight  line;  at 
the  apex  of  the  tracing  unlo; 
began  and  went  on  steadily  till 
the  spring  once  more  regained  its 
initial  length.  The  upstroke,  like 
the  downstroke,  is  a  straight  line. 
In  B  and  C  muscles  were  used ; 
it  will  be  noticed  that  the  muscle 
does  not  regain  its  original  isogl  b 
after  unloading  is  completed,  and 
the  upward  tendency  of  the  tracing 
beyond  this  point  represents  after- 
retraction.  In  B,  the  extension 
was  applied  rapidly,  the  tracing 
is  almost  a  straight  line;  in  C, 
the  extension  was  brought  about 
more  slowly,  and  the  tracing  is  a 
curve ;  in   both  cases  the    tracing 

■  >f  the  period  of  unloading  shows 
more  i.Mrvii! 

This  introduces  CH  to  whti   Ifl 
called    after-r  and    after- 

rdraclion.  That  is  to  say,  after  a  DOQBOlfl  is  weighted  there  is  an 
immediate  elongation,  followed  by  a  gradual  elongation  which 
continues  for  Borne  time ;  or  if  a  muscle  has  been  weighted  and  is 

u  unloaded  there  is  an  immediate  slackening,  followed  by  a 
gradual  after-retraction. 

This  may  be  shown  by  looking  at  the  graphic  records  shown  in 
the  next  diagram.  It  will  he  noticed  that  the  extension  is  greatest 
when  the  muscle  is  in  a  contracted  condition,  and  smallest  when  it  is 
dead  (in  rigor).  In  fatiguo  tho  after-exim-dim  is  very  marked,  and 
the  return  after  unloading  very  imperfect. 


<~.  — Ciirvnaofmcieuallnll'.).    (1)pj4I«.) 


RXTKNSIBIUTV.    BU8TICITY,    AND   WORK    OF    MUSCLE        [ell.  XI. 

Wo  may  now  give  the  results  of  an  actual  experiment;  a  muscle 
was  loaded  with  successive  weight*  of  50,  100,  150,  etc.,  grammes, 
and  its  length  carefully  measured  in  centimetres. 
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Figure  156  shows  that  the  contracted  muscle  is  more  extendi 
than  the  uncontracted  muscle.     This  may  bo  Btill  further  illustrated 

OB  the  opposite 
page  in  the  form  of  a  diag 

The  thnk  lines  represent  the  con- 
tracted muscle,  the  thin  ones  the  un- 
contracted. It  is  represented  as  being 
stretched  by  different  weights  indicated 
along  the  top  line;  and  the  lengths 
under  the  influence  of  these  weights 
are  separated  by  equal  distances. 
Tims  A  C  represent.*  tin-  leoj  A  oi  the 
uncontracted  muscle,  A  B  of  the  con- 
tracted muscle  when  unloaded.  A'  C 
and  A'  B'  the  same  under  the  influence 
of  a  weight  of  50  grammes,  and  so  on. 

The  curve  connecting  the  ends  of 
the  lengths  of  the  contracted  muscle 
falls  faster  than  that  obtained  from 
the  Bjooontnoted  one,  until  at  the 
point  P  under  the  influence  of  a  weight 
of  250  grammes,  the  two  curves  meet : 
that  is  to  say,  250  grammes  is  I  he 
weight  which  the  muscle  is  just  un- 
able to  lift.  Suppose  a  muscle  has  to 
lift  tho  weight  of  200  grammes,  it 
1  logins  with  a  length  A*  <-' ",  bnt  when 
it  contracts  it  has  a  length  A"  B",  that 
is,  it  has  contracted  a  distance  of  B*  ( 
which  is  very  small;  when  it  has  to 
lift  a  less  weight  it  shortens  more, 
when  a  greater  weight  it  shortens  less;  till  when  it  shortens  least  it 
lifts  the  greatest  weight. 

This  experiment  illustrates  the  general  truth  that  when  a  muscle 
is  contracted  it  is  more  extensible.     At  the  point   P  tho  ci 
tending  to  shorten  the  muscle  (its  contractile  power)  is  exactly  equal 
to  the  energy  tending  to  lengthen  it  against  its  elastic  force.     Thus 
we  have  the  apparent  paradox   at  this  point  that  u  muscle  when 


l"i'..     146,     K\  ,umj1««    in 

different  sUIm;  tMtoi  t>v  SO  fitmrnn 
■polled  for  ihorl  period*.  Tnujlujr* 
to  t»re»d  from  left  to  rirht.  (After 
Walter.) 
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contracted  has  exactly  the  Bum  length  as  when  uncontracted ;  but 
this  is  a  matter  of  everyday  earn  if  "ne  tries  to  lift  a  weight 

beyond  one's  strength,  one  fails  to  raise  it,  but   nevertheless  a 
muscles  have  been  contracting  in  the  effort ;  they  have  not 
in  the  restricted  sense  of  be  shorter,  but  that  is  not  the  only 

change  a  muscle  undergoes  alien  it  contracts;  the  other  changes, 
electrical,  thermal,  chemical,  eta,  have  taken  plane,  as  evidenced  in 
one's  own  person  by  the  fact  tliat  the  individual  has  got  warm  in  his 
efforts,  or  may  even  feel  fatigue  afterwards 

But  die  paradox  does  not  end  here,  for  if  diagram  157  is  again 
looked  at,  it  will  be  seen  that  beyond  the  point  F  tlio  two  curves 
cross;  in  other  words,  the  muscle  may  even  elongate  due  to  increase 
of  •■  Lity  when  it  contracts.    Inis  is  known  titer  its  diseoverer 

as   Weber's  paradox.     The  increase  of  extensibility  of  muscle  during 


Contracted 
(/«ro»f»artftf- 


contraction  is  protective  and  tends  to  prevent  rupture  in  efforts  to 
raise  heavy  weights. 

Influent*  of  Temperature  on  Extensibility. — If  a  piece  of  iced 
ia-rnbber  is  taken  and  stretched  by  a  weight,  its  retractility  when 
weight  is  removed  is  very  small.  If,  now,  when  the  weight  is  on 
it,  it  is  warmed  at  one  point  as  by  placing  the  band  OH  if,  its 
retractility  is  increased  and  it  contracts,  raising  the  weight.  Some 
physiologists  have  considered  that  muscular  contraction  can  be 
explained  in  this  way;  they  have  supposed  that  the  heat  formed  in 
muscular  contraction  acts  like  warmth  as  applied  to  india-rubber. 
This  view  is,  however,  incorrect.  Tt  is  much  more  probable  that 
there  is  no  causal  relationship  between  the  temporaturo-chango  and 
the  extensibility-cliange  which  occur  when  muscle  contracts;  both 
are  simultaneously  produced  by  the  stimulus. 

Moreover,  the  influence  of  heat  on  muscle  is  by  no  means  the 
same  as  that  on  india-rubber.    This  iutlucuce  is  not  invariable,  and 
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;ii  aires    near   the   freezing-|x>int.   md    under    the 

in  flu  ual  elongation  i 

Muscular  Tonus. 

In  the   living   miiiuil,  muscles  are  more  or  less   stretched,  hut 

never  taut  between  their  two  attachment*.     They  are  in  a  state  of 

tonicity  or  .'  -1    HrbeD  divi  I  •  DODtTOOl  End    the  two  parts 

separate.      I  tnoscle,  eves  at  rest,  is  in  a  He  condition 

root  without  losing  t  im*;  or  energy  in  taking  iii  slack. 

&fn8Cular  tonus  is  under  tlio  control  of  the  nervoUl  D  (on 

the  reflex  oharaotet  of  this  control,  see  later,  under  Tdndoo  lleflaxes); 
the  muscles  lengthen  when  their  nerves  arc  divided,  Of  when  they 
are  rendered  phj  ni  .logically  nerveless  by  curare.  Besides  the  nervous 
s\si-  i  mnsoolar  Detrition  dspendenl  cm  ■  due  supply 

of  healthy  blood  most  also  bo  reckoned  as  important  in  maintaining 

i  solar  tonus. 

Work  of  Muscle. 

The  question  of  muscular  work  is  intimately  associated  with  that 
of  elasticity.  In  a  technical  sense,  work  (W)  is  the  product  of  the 
load  (/)  and  the  height  (A)  to  which  it  is  raised.     W  =  £  x h. 

Tims  in  fig.  157,  wl  muscle  is  unloaded  the  wurk  done  is 

nil:  W  =  BCxO  =  0.  When  the  load  is  250,  again  the  work  done 
is  nil,  because  then  h  =  0.     With  the  lead  50,  W  =  B'  C  x  50. 

Tf  the  height  is  measured  in  feet  and  the  load  in  pounds,  work  is 
expressed  in   terms  of  foot-pounds.     If  the  height  is  measured   in 
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Fin.  |J*.  -Diagram  to  dhow  the  mods  of  much  *urk.    (M'kemlnrk., 

millimetres  or  metres,  and  the  load  in  grammes,  the  work  is  expressed 
in  grammo-ruillimotros  or  gramme-metres  respectively. 

This  may  bt  diagrams]  it  icaily  by  marking  on  a  horizontal 

base  lino   or  abscissa,  distances    proportionate  to    different  weights, 
and  vertical    lines   (ordinatOS)   drawn   through  these  represent   the 
•■■lit,  id  which  they  are  lifted  (see  fig.  158). 
In  the  diagram  (fig.  158)  the  figures  along  the  base  line  represent 
grammes,  and  the  figures  along  the  vorti  PODreeent  milli- 

metres.   The  work  done  as  indicated  by  the  first  lino  is  10x5  =  50 
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gramme-millimetres,  iho  next  20x6  =  120  gramme-millimotros,  and 
so  on,  while  the  lust  on  the  right,  100x3  =  300  «rammo-millini. 
It  is  thus  seen  that  the  height  of  a  muscle-curve  is  no  measure  a 
wurk  June  by  the  muscle  unless  the  weight  lifted  is  taken   into 

|  lit    U   Well. 

The  following  liguros  are  taken  from  an  actual  experiment  done 
with  the  frog's  gastrocnemius  (Wcbor) : — 


Weight  llftl-l. 


5  grammes 
15 

.. 
*>  .. 


..ijlimetre* 

ri<<5 


13H  irrnnimr  fiiilliiuitrrs 
219 


:■).—  Ityn* 


The  work  increases  with  the  weight  up  to  a  certain  maximum, 
after  which  a  diminution  oeonm,  more  or  less  rapidly,  according  as 
i  In'  dWBqIq  is  fatigued. 

Similar  experiments  have  been  made  in  human  beings,  weights 
being  lifted  by  tho  calf  muscles,  or  elbow  muscles,  leverage  being 
allowed    for.     In    the   highoi 


animals    the    energy    so 
tained  compared  with  the  frog 
is  about    twice  as   grout    for 
the  same  volume  of  muscular 
tissue. 

Fig.  159  represents  a  com- 
mon form  of  dynamometer  for 
ilinual  use,  employed  in  test- 
ing the  muscles  of  the  arms 
and  hands.  It  is  squeezed  by  the  hand,  and  an  index  represents 
kilogrammes  of  pressure. 

Tho  muscle,  regarded  as  a  machine,  is  sometimes  compared  to 
artificial  machines  like  a  steam-engine.  A  steam-engino  is  supplied 
with  fuel,  the  latent  energy  of  which  is  transformed  into  work  and 
heat.  The  carbon  of  the  coal  unites  with  oxygen  to  form  carbonic 
■Old,  and  it  is  in  this  process  of  combustion  or  oxidation  that  heat 
and  work  are  liberated.  Similar,  though  more  complicated,  combus- 
n  his  occur  in  muscle.  In  a  steam-engine  a  good  deal  of  fuel  is  con- 
sumed, but  there  is  groat  economy  in  the  consumption  of  the  living 
muscular  material.     Take  tho  work  done  by  a  gramme  (about  15 

fains)  of  muscle  in  raising  a  weight  of  4  grammes  to  the  height  of 
metres  (about  13  feet) ;  in  doing  this  work  probably  leas  than  a 
thousandth  part  of  the  muscle  has  been  consumed. 

Next  let  us  consider  the  relationship  between  the  work  and  the 
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heat  produced.    An  ordinary  locomotive  wastes  about  %  per  ex- 
its available  energy  as  heat,  only  4  pec  cent  being  represented  as 
En  tin:  beet triple^xpttnaion steam-e  rises 

to  12 •;»  |  pf  the  total  energy. 

In  muscle,  various  experimenters  give  different  DUmbem     Thus, 
Kick  calculated  that  33  per  cent,  of  the  mechanical  enorcn 
able  as  work;  later  he  bund  this  estimate  too  high,  and  stated   the 
Bnmber  as  25;  Clmnveau  gives   12   to  15;  M'KenJrick  17.     Thus 
iquscIo  is  a  little  inure  economical  thai  tin:  beet  iteftni-enginee;  but 

nuflclo  has  this  grout  advantage  eve*  any  engine^  Eoi  the  heat  it 
pvodooei  is  not  wasted,  but  is  used  for  keeping  op  the  body  tempera- 
ture, the  fall  of  whioh  below  a  certain  point  would  lead  to  death  not 
only  of  the  muscles  but  of  the  body  generally. 


So  far  we  have  been  speaking  as  though  the  only  active  phase  of  muscular  COS*- 
traction  is  the  |wrind  of  ■.hortening.  If  >-.  however,  extremely  pnib.iblc.tlic.unli  DO) 
yet  proved,  that  lengthening  is  also  mi  active  proOBIS.     This  was  originally   mooted 

by  hirk.  who  pointed  oat  that  the  Tall  of  a  rnoacle  its  .r  during  the  relaxation  period 
is  of  variable  speed,  and  i>  ii'i-vi.msly  tn>t  due  to  rs  elongation  of  Hi-  mtuck 

by  gravity  ;  the  wnv  in  which  this  |«rt  of  the  enm  is  varied  hy  mell  Igonrltl  OS 
temperature,  and  drugs  like  vcratrine,  alio  End&  tb  I  that  relaxation  i-  u  inde- 
|>cridetil  process. 

IlQtOmS  orvi  Imnwlrir  Currr*.  —  If,  in'rei SOfdlQg  tin-  contraction  of  a  muscle,  the 
load  |i  applied  vertically  llDdl  r  the  mii.seli  .  its  pull  upon  the  muscle  varies  during 
ive  stages  t>f  11  single  eontr  kctkm,  owing  tn  the  merlin  of  the  load.  In 
order  to  avoid  tin-  variation  >'>  tnufOBi  11  ll  08001  to  apply  the  weight  at  a  point 
Hose  In  tin-  fulcrum  of  the  recording  lever,  so  tliat  when  [In  lever  Is  raised,  tin- 
weight  remain*  practically  stationary,  and  tine,  the  error  due  to  its  inertia  is  avoided. 
In  order  to  apply  the  D  tension  to  the  inuselc.  the  weight  hanging  on  the 

lever  inn. I  be  increased  in  the  ratio  of  the  distam  vs  of  the  muscle  and  weight  from 
the  fulcrum.  A  twitch  recorded  under  miHk  ircum  stances  is  called  uxXOMft  .  i.<-.,one 
in  which  the  tension  remains  constant  throughout  if,  on  the  other  hand,  the 
muscle  is  fixed  at  both  ends,  and  thrn  excited,  th<  r.  idling  activity  expresses  itself 
in  a  phase  of  increasing  tension  followed  In  OM  of  decreasing  tension.  If  the 
alterations  of  tension  .in-  recorded,  we  obtain  what  is  called  an  famafrfo  curve. 
This  curve  la  obtained  by  making  the  muscle  pull  against  a  spring  which  is  so  strong 

that  the  muscle  can  only  move  it  to  a  very  slight  extent.     This  aught vmn  ui   | 

then  highly  magnified.     Th  hus  obtained  resembles  in  its  main  features  an 

isotonic  contraction.  Hi  its  maximum  l.s  reached  earlier,  and  it  returns  to  the  zero 
position  sooner.  The  Hat  top  of  the  isometric  curve  described  bj  the  earlier 
observers  wns  due  to  the  Imperfection  of  the  instruments  employed.  The  tracings 
Of  muscle  curves  given  in  previous  illustrations  (see  figs.  14£  to  147)  were  obtained 
by  the  Isotonic  method,  hut  it  la  probable  that  fchi  I  MOM  trie  curve  is  a  more  faithful 
record  of  the  variations  in  the  intensity  of  the  contraction  process  than  that  yielded 
by  the  isotonic  method.  The  momentum  or  swing  of  a  light  lever  such  as  is  used 
for  obtaining  isotonic  curve-,  n  ill  no  doubt  account  for  the  extra  upward  movement 
it  executes.  The  whole  matter  has  been  keenly  discussed,  and  the  foregoing  view 
i-.  that  expressed  bv  Kaiser.  Schcnk,  on  the  other  hand,  maintains  what  appears  to 
i  a  that  there  are  really  two  Winds  of  change  in  muscle,  which 
account  for  the  difference  obtained  bv  the  two  methods. 
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We  have  seen  that  the  chemical  processes  occurring  in  muscular  con- 
traction load  to  a  transformation  of  energy  into  work  and  heat. 
Those  changes  are  accompanied  by  electrical  disturbances  also. 

Tho  history  of  animal  rtloctricity  forms  one  of  the  most  fascinat- 
ing of  chapters  in  physiological  I  y.  It  dates  I  OS  1786. 
when  Galvani  made  his  first  observations.  Galvani  was  Professor  of 
Anatomy  and  Physiology  at  the  University  of  Bologna,  and  his  wife 
was  one  day  preparing  some  frog's  legs  for  dinner,  when  she  noticed 
that  the  apparently  dead  lega  became  convulsed  when  Bparks  wen 
emitted  from  a  frictional  electrical  machine  which  stood  by.  Galvani 
then  wished  to  try  the  effect  of  lightning  and  atmospheric  electricity 
on  auimal  tissues.  So  he  hung  up  some  frogs'  legs  to  the  iron  trollis- 
work  round  the  roof  of  his  house  by  means  of  copper  hooks,  and  saw 
that  they  contracted  whenever  the  wind  blew  them  against  the  iron. 
He  imagined  this  to  be  due  to  electricity  secreted  by  the  animal 
tissues,  and  this  new  principle  was  called  Galvanism.  But  all  his 
contemporaries  did  not  agree  with  this  idea,  and  most  prnmnenl 
ig  his  opponents  was  Volts*  Professor  at  1'liydes  at  another 
Italian  university,  Pavia.  He  showed  that  the  muscular  oontraotio&fl 
were  not  due  to  animal  ateotricity,  but  to  artificial  electricity  pro- 

sd  by  contact  with  different  metals. 

The  controversy  was  a  keen  and  lengthy  one,  and  was  terminated 
by  the  death  of  Galvani  in  1798.  Before  he  died,  however,  he  gave 
to  the  world  i  intent  known  as  "eon  i  without  metals," 

which  we  shall  stony  presently,  and  which  conclusively proved  the 
of  animal  electricity.  Volta,  however,  never  believe  I  in  it. 
In  bis  hand  electricity  took  a  physical  turn,  and  tho  year  after 
Galvani's  death  he  invented  the  Voltaic  pile?,  the  progenitor  of  out 
modern  batteries.  Volta  was  right  in  .maintaining  that  galvanism 
can  be  produced  independently  of  animals,  but  wrong  in  denying  that 
electrical  currents  could  bo  obtained  from  animal  tissues.  Galvani 
was  right  in  maintaining  the  existence  of  animal  electricity,  but 
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wrong  in  supposing  that  the  contact  of  dissimilar  metals  with  tissues 
proved  his  point 

This  conclusion  has  been  arrived  at  by  certain  new  methods  of 

investigation.     In  1820  Oersted  discovered  electro-magnetism:  that 

i«,  when  a  galvanic  current  passes  along  a  wire  near  a  mao 

needle,  the  needle  is  deflected  one  way  or  the  other,  according  to 

the  direction  of  the  current     This  led   to  the   invention   of   the 

astatic  needle  and  the  galvanometer,  an  instrument  by  which  very 

v.  al;  ;  I  currents  can  be  detected.     For  a  long  time  the  subject 

f  annual  electricity,  howover,  foil  largely  into  disrepute,  because  of 

iln   ijii.nkcry  that  grow  up  around  it.     It  is  not  entirely   free   from 

;  bat  the  scientific  investigation  of  the  subject  has 

led  to  a  considerable  increase  of  knowledge,  and  among  the  names 

of   modem   physiologists  associated   with   it  must  be   particularly 

taned  boon  of  I)u  Bois  Beymond  and  Hermann. 


N-*- 


*-N 
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Before  m  oan  study  those  it  is,  however,  necessary  that  we  should 
understand  the  instrument-  nni'lowd 

The  Galvanometer. — The  essential  part  of  a  galvanometer  is  a 
magnetic  needle  suspended  by  a  delicate  thread;  a  wire  coils  n 
it;  and  if  a  current  flows  !  b  the  wire,  the  needle  is  deflected. 

Suppose  a  man  to  lie  Swimming  with  the  current  witli  lii.^  faee  to  the 
•  ■■.  the  north -seeking  pule  is  turned  to  the  left,  bund.     I'ut  such  a 
simple  instrument  a*  (lint  shown  in  fig.  160  would  not  deli  •<  1  (ho  feeble 

nts  obtained  from  animal  tissues.     It  is  DseeOBBJj  bo  tni 
the  delicacy  of  the  apparatus,  and  this  is  done  in  several  ways.     In 
the  first  place,  tho  need  I.  n.n-.i  be  ran  Nred  astatic,  that  is,  independent 
of  tho  car:  'M  i  i.     The  simplest,  way  of  doing  tins  is  to  lix 

iwm  noodles  together  (as  shown  in  fig.  161),  the  north  polo  of  one 
pointing  the  same  way  as  the  south  pole  of  the  other  The  current 
is  lid  over  ono  needle  and  then  over  the  other;  the  effect  is  to  pro- 
duce a  deflection  in  each  in  the  same  direction,  and  bo  the  sensitive- 
ness of  the  instrument  is  doubled.  If  now  the  wire  is  coiled  not  only 
once,  hut  twice  or  more  in  the  same  position,  each  coil  has  its  effect 
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mi  the  noodles;  the  nmltijilicatinn  of  the  effect  of  a  weak  currem  in 
this  way  is  accomplished  in  :ictual  galvanometers  by  many  hundreds 
•  •i*  turns  of  fine  v, : 

Kg,  H>2  illustrates  the  best  galvanometer :  that  ol  Sir  "William 
Thomson  (now  Lord  Kelvin).  It  is  called 
a  reflecting  galvanometer,  because  the  ob- 
server does  not  actually  watch  the  moving 
noedlo,  but  a  sriot  of  liyht  refloated  on  to  a 
scale  from  a  little  mirror,  which  is  attached 
to  and  moves  with  the  needle.  A  very 
small  movemont  of  the  needle  is  rendered 
evident,  localise  the  movement  of  the  spot 
of  light  boing,  as  it  wore,  at  the  end  of  a 
long  lover — namely,  the  beam  of  light, 
magnifies  ii 


' 


□g  galvanometer.   (TboiDMO.}    A.  TIio  gajva- 
HMr  rntivWU  ■  if  two  eyalems  of  •mall  aitatlo   nwdlw 
i~ude>l  by  »  lln«  lulr  from  »  tuppoit,  m  tint  I  I 
Of  needle*  l»  within  a  coil  of  tine  insulate]  coppar  wlr 

forming  Uif  towejr  coll  being  •round  In  an  oppoaitodii 

to  the  upper.     At  to*  hoi    t«  the    tipper  let  <il  needle*  U  a 

-mall  mlr:  meter;  the  light  from  the 

nil    tlj-.11  til 

upon  tin-  trx\'  on  the  oilier  lgnm< 

The  oofla  i.  i  an  wee  upright*,  and 

•n4a  are.  can ied  to  Ui<  •>■«■,.      I  li-  »ImI- appal- 

atua   ti   lilac**!   ii[>iii  a   iiilrauim  plate  rapnl>; 
toralM  by  Uio  -  I  by  •  l..t»»»- 

buind  glaaa  ahade,  the  cover  of  which  b  also  of  bran*,  and 
aupporta  a  lira-*  rod  >   biowk  a  w«e>k  ci 

magnet  n  •■  amount  of 

tfce  current  aent  meter  may  be  regulated. 

Wli-'  i    la  placed  about  ilir**  fret  from  the 

calvaniiDirU-r,  which  it  arrant  rant  and  mat,  the  la) 
lighted,  tha  mirror  i.  made  Uj  awing,  an.l  the  light  from  the 
lamp  U  odjuatcd  to  fall  upon  il,  ari'l  it  i«   then   regulated 

:  thr  reflected  spot  of  light  from  it  fall*  01 
Of  Oh-  »ral»     Tli"  mm  from  the  non-polariaahle  ale 
touchirik'   thn   muscle   are  attached    In   the   rater    bt 

vanometar,  a  key  InUrrwilns  for  abort  ebVatttaR,  or  If  a  portion  .nil)  Ol  ItM 
current  la  to  poaa  "lt"  the  galvanometer,  tbe  aliunt  ehould  Intcrretie  a»  well  with  the  appropriate 
ping  In.     When  a  current  paaaa*  Into  thr  palvatuicieUir  the  needle*  anil.  with  mirror, 

are  Id  or  loft  araordlng  to  tho<tn  n(  Um  iMk- 

Uob  ol  tbe  noedle  U  marked  on  Um  wa.1*  by  tho  rpot  of  light  tra\r*)lliig  along  it. 

Non  polar iaable   Electrodes. —  Tf   a  galvanometer  is  connected 
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with  ;i  ntusole  by  wires  i»ht<li  tench  tin  muscle, electrical  currents 
are  obtained  in  tho  circuit  which  are  set  up  In  ml  Wt  of  metal 

with  muscle.     The  currents  so  obtained  form  no  evidence  of  electro- 
motive  force   in    the    muscle    itself.     I 
therefore  necessary  that  tho  wires  fron 
galvanometer   should   have   interposed   be- 
tliein  and  tho  tnnselo  some  brm  of 

- h l«-vs   which   arc    non-p  darisablfl 
163  sliuw  earliest  non-polaris- 

aUa    BleOfrodes   of  Du  Bois  Keyinoml.     It 

ls  of  a  zinc  trough  on  a  vulcanite  base. 
Tii.:  Inner  sufaeti  of  tl  ga  ii  amalga- 

■  !  with  a  Batnrate 
lotion  of  rino  sulphate,    [o  the  trotmh  ia 
placed  t  snahloi  oi  blotting-paper,  whion 

•ts  over  the  edge  of  the  trough;  on  it  there  is  a  DM  of  ohina 
clay  or  kaolin,  moistened  with  pi.  ioal  salt  Solution  (08  per 

cent.  NaCl);  on  this  pad  one  end  of  the  muscle  rests.  The  binding 
screw  (k)  com  ment  to  tlie  galvanometer;  the  other 

end,  or  some  other  part  of  thu  same  muscle,  is  connected  by  another 
DOKHpolaiiaable  electrode  iii  the  same  way  to  thu  other  side  of  the 
galv  moiueter.     If  there  is  any  electrical  differem  m  of  potential  (that 


larUibla    etas- 

lf...i|"     r,f     |  I 

(M'Kmilrlrk.) 


Kii..  1<W.  — Dkgiasi  i  I  u.thanaiu- 

r»l/-i         '  drawn  «a1  to  Lka  i-l»> 

;  in  tlio  aotatloa  i  «  II  tlMhj 

>lui  ■» 

lv  for  convenience  uf  application.    Tbl  iuu»clo  and  tlio  «nd  of  lb«  ipcond  elect  iode  in  i>j  tlw 
ri^hc  of  Uu  i 

is,  difference  in  amount  of  positivo  or  negative  electricity)  between 
tho  two  parts  of  the  nrasole  thus  led  off,  there  will  ing  of  the 

galvanometer  insulin;   the  gatvauo  lotects  tho  existence  and 

diroction  of  auv  current  that  occurs. 
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a  mora  eal  Cons  ol  aon-polariaable  elec- 

fcnodftt. 

In  order  to  DMMUra  tin  strength  (elcc- 
trnmotiw    fori  <  )  of  sueh  iiirr.nt-,.  thi 
amount  of  »m\n([  o?  the  n<  <  dk  bOBtja  very 
rough  indk  ilon.  and  in  accurate  work  the 
iirriinsfdiiri.i  ' '..'.  must  L, 

The  electrornoliv  afuaul  measured 

in  tarai  of  m  standard  Danfall  celL  The 
two  mirfii»v>  i>f  ilu  invade  (M)are  led  off 
to  a  galvanometer  (B) :  the  needle  swings. 
■od  then  a  fraction  of  a  Daiiiell  cell  is  IntED- 

in  the  reverse  direction  boos  to  u  D 
Irahse  Hi'  inn  «-i'-  current,  imd  bring  brack 
the  needle  to  rest.  From  the  Darnell .  i  II  K. 
wires  pass  to  the  ends  a,  >•  of  n  long  pli'mnm 
wire  of  high  resistance.  called  the  coiii|h.-ii- 
nfen  ;  ■•  is  a  slider  on  this  wire  ;  <i  and  rare 

led  to  the  galv  hi on  t«  r.  the  com- 
rautator  C  enabling  the  observer  to  ensure 
tli  it  tin-  .-nrrent  fmni  the  Duniell  DIMM  in 
the  opposite  direction  li>  thul  prodMoed 
the  muscle      If  lh-   slid  r  <-  is  placed  at  the  end  '<  of  the  eon i pi  ns.itur,  the  ivhotc 

tO  "1  llu    Danidl  t* ill  In-  sent    through  the  galvaiioinelrr  dikI  will  more  than 


i  .— ArrarjgMMtitfJDrmcMartBgti 

tromoUre  force  of  m  n»clr.    ( M  •  I 


Vvt.  NW.— Llppawin'*  Capillary  KJectromoWr.    [_ After  Waller.) 

1.   |Va».ir»  «j.|«>«tn«  ■  .[«  cm  »U:i>i  of  wtticli  tho  capillary  tql»  it  fined. 

,  IUr<l  lu  valet  tab*  containing  10  per  cent,  aulphurtr  arid  ;  th«  plillnuro 
wirf»  are  alio  eaowa. 
3.  Capillar)  ami  column  «g  mercury  •»  ■eeu  In  U»t  Quia  of  tho  microscope. 
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neutralist  1 1««  muscl.  contnl  |  if  t  is  halfway  between  a  and  A.  half  the  Danicll's 
strength  will  be  BCErl  kn;  but  this  is  also  too  much:  "'•will  lie  found  to  be  only 
gatte  a  small   I  pfo&t  and  this  fraction  will  UIHWpOBd   bO  ■  proportional 

traction  of  tli>-  i  i'-clr>iiiolivo  force  Of  the   l>uinell  '•■II. 

Llppmnnn's  Capillary  Electrometer. — This  instrument  is  often  MWd  in 
of  •!«•  galva  '  u  ni  u  glass  lulu-  drawn  out  .«t ad   ■>  a  fine 

capillary  and  filled  with   men  -ury.      It  is  conin-eti-d  to  U  apparatus  b] 


w 


Ki..  107.— Prur's  Jieatt  I'lniUigrafjb  of  a  »lri£l«  bral  (u|fpci   Mar}. 

litip),  and  ttin  ukoiii tali) lA)t  •  i<  hfl  )ev«0  of  ilia  black  area,  which  ibuva 

th«  varyh'K  lev«l  of  mercury  In  a  capillary  i-lecirometw.    (Waller.) 

urt- on  this  luereiirj  run  he  lowered  or  mere  II  I  ■!.       1 '  I»  •  ■  open  capillary  tube  b 
enclosed  within  another  tube  filled  with  IQ  per  CCBt  in  Id.     Two  platinum 

wires  fused  through  the  gjbUB,  pass  MBpl  "  ,|  the  acid,  and 

the  other  cuds  of  them-  wires  .'in-  connected  by  electrodes  to  two  portions  of  the 

surface  of  a  muscle.    Tbe capillary  tub.-  Itobservd  i  -cope  (8«fijr.  16H). 

The  mi. 1. 1,,    ,.|   i|„-  riirn-iiry  Is  In  i -ion  which  is  easily  increase.  >.i 

diminished    by  variations   of   •  1.  .-tru-.tl    potential,  find    the   mercury  moves  in  the 

direction  of  toe  m  gatfve  pole. 

If  the  sh  ulinv  of  the   mercurial  colunui  is  Ihrown  upon  a  travelling 
photographic  plat'-  plis  .in-  obtained   which  .  Icctricnl  vurin 


Flu.  isa,— Human  heart. 
Enarknd  In  A,th  accond. 
Mlphuric  acid,  and  from  tha  left  foot  to  tho  nmrcary.  "(WaM  r,  | 


DlDhn<.  .  a«,  and  ilmulUnr'ju*  eardloi  i ...,,-  <:  1- 

TIib  iMd-oiU  to  the  capillary  I'lrctr-imew-r  iten  from  the  mouth  Vo  II* 


in  a  living  tissue  in  fl  graphic  manner.  The  instrument  It  exceedingly  sensitive. 
and  its  indications  arc  practically  instantaneous.  Pigs,  1  ■ « 7  ami  198  Indicate  the 
kind  of  result  one  obtains  with  the  heart,  which  will  he  more  fully  discussed  when 
we  an- 1  nir nil  ring  thai  ot . 

The  Rheotome.— This  is  an  instrument  by  means  Of  which  tin-  time  of  the 

OCCUTtePCe  Of  electrical  disturbances  in  relation  to  the  contraction  of  a  muscl.  ,  .  g 
be  deleruiineil.  l'his  is  in  principle  eifeeted  by  a  revolving  bar  carrying  two  contacts. 
•  in  the  primary  or  exciting  em-nit  ("I.  1.1.  1 1,  one  in  the  galvanometer  circuit 


en.  xii] 
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The  bar  revolves,  iind  by  mukiuir  or  brc.ikin^  tlu  primary  circuit  sends 
tui  iiulin  tii'ii  shock  into  the  nerve  at  tin  >nt. 

The  muscle  la  connected  bj  boo  poloilsublc  electrodes  to  the  Bjolvosometer  : 
tUs  ctreatt  includes  the  brass  bli  m  Hi'.-  disc  orat  which  il»  i'-"  revolves, 

..ml  n  rinnpensatnr  DOl  .-<liov.ii  in  i  In-  QgUN    in  ncut  r.ili-.i-  any  current  m-I  up  i 

i  < ■!.  i  tm  il  •  -hangc  occurs  in  the  muscle,  it  is  only 

noticed  bj    '  lOllli-tir  if  ;it  the   MOM    time  tin    li.n    (Hi  it'.  N  vollil  inn  11 

tin-  two  Ron  blocks  on  the  disc.  end  10  « ompletes  the  circuit    Thr  ■pnoimta  icas 

Ik-  Set  if  that  the  bar  makes  tlie  primary  contact  (1.  1)  simultaneously  with  the 
ealram  intacts,  or  thai  the  galvanometer  le,  l.  -',  ■■,  eke., 

hundredths  of  n  second  Inter  thnn  the  primary  contact.     If  the  two  arc  closed 


..  IdO.— Scheme  of  a  Hb-uluntt.    flf«U 

su.inlt.irn  cm-ly  the  electrical  eooditlotl  Of  the  nms.]<   to  topped  itW  .it  the  moment  of 

excitation  ;  if  the  fralvunometer  contact  i^  ctMCd    ,. ',J».  etc.  second  after 

excitation,  tin-  electrical  condition  of  the  muscle  si  thai  partlcnlar  inst.mt  i- 
talned     Bjrs  number  of  experiments  with  different  Intervals  between  the  Baking 
nt  'tin-  twn  contact  .  mm  iscertalns  boa  loaaj  aftar  the  exeitatSofl  the  change  in  the 
el  ctrteal  conditl< f  the  muscL  tab  i  place 

W  •  can  now  pass  on  to  a  Banfrfdarotioin  of  results. 

In  muscles  that  atv  idiitDved  from  tin;  body,  itifl  found  that  on 
leading  off  two  parti  of  their  surface  to  a  galvanometer,  the  galvano- 
meter needle  generally  iwinga  The  mi  iked  result  is  obtained 
■  piece  of  muscle  in  whi'-h  th<-  Qbtea  run  parallel  to  one  another, 
and  the  longitudinal  surface  is  connected  with  one  of  the  cut  ends 
by  a  wire  (2  in  fig.  170). 

On  tin-  COQT8B  of  tlm  wire  a  galvanometer  indicates  that  a  current 
flows  from  the  centre  to  thfl  cut  end  Dntacta  the  muscle,  and  from 
thocutend  u>  thfl  centre  Inridfl  the  muscle.     If,  now,  the  muscle  is 
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thrown   into  tetauic  contract  inn,  the  needle  returns  more  or  leas 
completely  to  the  position  of  rest. 

Du  Bois  Reymonr],  who  first  described  these  facts,  called  the  first 
currant  the  current  of  rest,  and  the  second  current,  the  current  of 
action;  the  change  in  direction  is  indicated  by  the  expression 
negative  variation ;  this  means  that  the  current  of  action  is  in  the 
opposite  direction  to  the  current  of  rest,  and  therefore  lessens  a 
neutralises  it.  Tito  word  negative  is  therefore  used  in  its  arithmetical, 
not  its  electrical  sense.  Du  Bois  Reymond  explained  this  by  sup- 
posing that  a  muscular  fibre  is  built  up  of  molecules,  each  of  which 
uiomotricallv  positive  in   the  centro  and  galvanometrically 


Fio.  170.—  Diagram  uf  the  current*  ln»  muscle  prUm.    (Du.  Bub  Rcyiwmi!.  ;> 

negative  at  both  ends.  So  when  a  muscle  is  cut  across,  a  number 
of  t.hi!  ^alvaiioinetrieally  negative  muls  of  these  molecules  is  exposed. 
On  contraction  the  difference  between  the  centre  and  ends  of  each 
molecule  is  lessoned,  and  the  resultant  effect  on  the  whole  muscle 
(inude  up  of  such  molecules)  is  similar. 

In  tin-  forcgota  D ea   I   have  employed  the  rather  cumbrous  i 

ilhf    nri/a/irr       instead    (it"    I  lit-      terms 

positive  rind  negative  which  i«rc  usually  employed  of  physiologists. 

It  iu-t.il.  II  i-fl|  and  connect  it  to  a  galvanometer,  the  line,  as  we  b  Vft 

'hi     .-Ir.-lro  positive   element,  anil    I  lie   copper   tile  elect  ro-ticgat  ivc  clement . 

hut  the  ends  of  the  wires  which  connect  tttCM  Bmll  to  the  galvanometer  have  the 

reverse  M  i    ,,         the  kathode  or  negative   polfl  is  CI ICtfld  to  the  rinc  or  j »■  ■  -. 1 1 1 -.  ■ 

ik  !  I'm-  -innJr  iir  M  ill-..-  pole  is  connected  In  the  eo|v|H-r  nr  negative  metal. 
The  current  enters  the  galvanometer  by  the  anode,  and  leaves  it  on  Us  way 
hack  to  the  /.inc    In    the    kiitlmile.       Therefore,    although    the    cupper    ft    eleCtfO" 

i\e,  it  maybe  spoken  of  a*  ealvaaometrtcally  positive,  and  the  imc  though 

electro-positive,  as  galra  no  metrically  negative. 

If  we  apply  this  to  a  unc. dc,  we  have  miii  that  the  current  (lows  (in  the  wire 
that  connects  the  uninjured  longitudinal  surface  to  the  cut  end)  from  the  longi- 
tudinal surfaee  to  the  cut  mil:    the  longitudinal  surface  thus  corresponds  to  the 

capper  of  the  hanicllcel!.  and  is  therefore  electro  negative,  though  galvaoometrtcally 
positive  ;  similarly  the  cut  end  corresponds  to  the  tine,  and  is  electro-positive  though 

gnivjiniiiii'iricnllv  negative. 

Tin-  omission  of  the  qualifying  prefix  to  positive  and  negative  has  led  to  a  good 
deal  of  confusion  in  pbj  Biological  unlinks.     A  physicist  uses  the  terms  positive  ami 


ch.  xn] 
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negative  as  meaning  electro-positive  and  electro-negative  respectively,  and  as  Dr 
W»dJer  has  painted  oat,  it  is  time  that  physiologists  adopted  the  same  nomemlnJur. 
In  what  now  follows.  I  propose  to  adapt  I)r  Waller'-,  suggestion. 

Then  is  no  doubt  about  the  facta  as  descried  by  Du  Buis 
Rcyinond.  Wo  now  adopt,  however,  an  entirely  different  view  of 
then  moaning:  in  tensing  this  revolution  of  ideas  thn  principal  part 
has  been  played  by  Hermann.  Hermann  showed  thut  the  jo-called 
current,  of  rest  does  not  exist;  it  is  really  a  current  produced  by 
injury,  and  is  now  generally  called  a  demarcation  current :  the  more 
the  eodl  trf  the  muscle  are  injured  the  more  positive  they  become; 
and  when  they  are  connected  to  the  uninjured  centre,  a  current 
naturally  is  set  up  as  described  by  Du  Boie  'lieyniond.  If  a  muscle 
is    at    rest    and    absolutely 

uninjured  it  is  iao-eleotri 
thai  is,  it  gives  no  current  at 
all  when  two  parts  of  it  are 
connected  together  by  a  wire. 
008  Du  Bois  Key- 
mond's  researches,  the  elec- 
trical changes  which   occur 

ing  a  single  twitch  have 
been  studied  also,  and  before 
we  can  understand  the  "  neg- 
ative variation"  of  tetan 
it  is  obviously  necessary  to 

Oder  the  electrical  vai  i 
tiou  which  takes  place  during  a  twitch,  for  tetanus  is  mode  up  of  I 
fn.Mvi  oariea  of  twitches. 

The  electrical  change  during  a  twitch  is  called  a  dipl' 
variation.  The  contracting  part  of  a  muscle  becomes  first  more 
positive  than  it  was  before ;  it  then  rapidly  returns  to  its  previously 
negative  condition.  The  increase  of  positivity  indicates  a  disturb- 
ance of  the  stability  of  the  tissue ;  the  disappearance  of  this  increased 
positivity  is  the  result  of  a  return  of  the  muscular  tissue  to  a  state  of 
rest     If  the  muscle  is  Btiinulatod  at  i.n  .  wave  of  contraction 

travels  along  it  to  the  other  end.  This  muscle-wave  (see  p.  118)  may 
be  most  readily  studied  in  a  curarised  muscle,  that  is,  in  a  muscle 
which  is  physiologically  nerveless.  The  electrical  variation  travels 
at  the  same  rate  as  the  visible  contraction,  but  precedes  it. 

Suppose  two  points  (p)  and  (d)  of  the  muscle  are  connected  by 
linn -jKjlarisable  electrodes  to  a  galvanometer,  and  that  the  muscle- 
wave  is  started  by  a  single  stimulus  applied  at  A;  as  soon  as  the 
wave  reaches  (p)  this  point  becomes  positive  to  (rf),  and  therefore  a 
current  flows  from  (rf)  to  (p)  through  the  galvanometer  (G).  A 
moment  later  the  two  points  are  equi-potential  and  no  current  Hows; 


4> 
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■  minute  fraction  of  a  second*  later  this  balance  is  upset,  and  DOW 
win  n  bhe  wavo  reach  »int  (</),  that  point  is  positive  to  (p), 

and  the  galvanometer  needle  moves  in  the  opposite  direction. 

The.  BtSOtrieal  v. motions  may  also  be  investigated  by  the  capill.in, 
mercury   moves   SlBl    in    0116    dir-irlion,    and 
in   the  other.     The  deep   hlack  curve  in  the  next  figure  (fig.   172) 


Pm.  I7S.—  DfpttMlc  curve  (black)  or  Hie  nonuAl  urtorm*.    Tbn  grey  curr*  i«  Uie  manophat ie  curre  of 

IBM  lltllwlo   v»ll":i  mir    r  l.i-!.r.iri;.  »*\    |  llftCA  I 

gnplilc  curves  art-  placed  unt  over  lb-  uiliet  wj  Jut  ihe  Iwgtnolnp  ootadd*.    (Bunion  Saudonon.) 

shows  the  record  obtaining  by  photographing  the  movement  of  the 
i  "liiiun  q{  niiii'i.'iu -y  oa  a  rapidly  travelling  photographic  plate. 

The  capillary  cled u A ■■■  bai  \h>    kdvant.-igc  ol 'giving  us  tin   means  c4   m      I 

ing  llw  lime-  df  (inM.fi  iiini  iinr.iii(M>  of  i In-  electrical  disturbance,  and  experiments 
made  with  this  instrument  confirm  the  earlier  experiments  mule  with  the  rheotorne. 
They  -.how  that  tile  rlmugi-  only  lusts  ■  few  thousandths  0J  i  m-cukI.  .nui  is  over 
long  before  the  other  changes  in  form,  etc  ,  nre  COtBPfc  bed  Sir  .1.  Hunlon  Sand.  • 
sou  gi ves  the  following  DUmban  from  experiments  with  the  trot's  gastroenem 
Wlu-ii  I  In-  muactc  wa-si-M-itcil  I  hriiincli  it.  hit1,  i-  tin-  elect  rie.il  response  befram  lt\Eami 
the  i  form  m'r.!.  MCOOd  nftcr  the  stimulation;  the  lecoad  phase  of  the 
electrical  response  began  , .',.!  second  after  excitation.  When  the  muscle  was 
.in-,  ciiy  exdtodi  the  latent  period  was  such  shorter,  the  change  in  form  beginning 
,A9  and  the  electrical  change  in  less  tli  >n  ,    „       ul  iftei  exdtsHotl 


ho,  in, 


If,  however,  instead  of  examining  the  electrical  change  in   the 
muscle  in  the  manner  depicted  in  fig.  171.  one  electrode  is  placed  on 

*  Tlie  time  will  vary  with  the  distance  between  (/<)  and  {</), 
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:  surface  and  the  uther  on  thfl  oat  ond  (son  fig.  17o),  the 
elect i  sponae  ia  a  different  on 

Under  these  circumstances,  the  electrical  change  is  a  mojwphasic 
variation,  for  when  the  muscle-wave  reaches  (rf),  this  part  of  the 
muscle,  owing  to  its  injured  state,  doei  not  respond  to  the  excitatory 
condition,  and  the  eleetrioa]  response  is  also  extinguished. 

The  grey  0W6  IB  fl  the  graphic  record  of  the  change  as 

rem  ali-d  i\v  the  ct|Mi!;;ry  electrometer  It 
will  he  seen  that  the  ascending  limb  of  the 
re  is  identical  in  the  two  cases,  hut  that 
the  second  phase  is  absent.  Fnun  thfl  point 
at  which  the  diphasic  euivc  appr> -aches  its 
culmination   the    injl  get   from 

it,  continuing  to  ascend.  ioe  soon  after 

becomes  boa  and   then    In-  dowly 

to  decline.  This  long  tail  denotes  only  the 
gradual  disappearance  of  polarisation  of  the 
mercury  meniscus. 

Tin-  meaning  of  inch  photographic  records  becomes 

clear  by  testing  the  electrometer  with   known  differ - 
Mt  potentuL  and  from  such  iIhJ.i  ii  is  jh . .  ,ii>ti-  to 
-hni  may  be  called  fetation  dia- 

gram i.ftjr.  Ki).    The  horizontal  line  is  thai  of  eoid 
potentiality  of  the  two  mrfaa  -  « » t"  contact  ',»•)  and 
The  curvi-  P  eipraiWM  the  relatta  poattmi 

I •)•  the  curve  i)'.  tfaa  corresponding  relative 

M-.nty  .if  the  rarface  (a}    S   (i   \  earre  of  which 

I li«-  iinliimti's  are  the  algebraic  sums  of  the  correspond* 

ins  ofdSnates  of  V  and  l>'.    s  la  the  photographic 

:  P  Is  the  pbotographk  curre 

which    »  phasic    varintiun}      The 

mnoJbcn  ondertbe  hovtaontsl  Doe  indicate  hundredths 
of  a  tenond ;  ti  / 1  exprenaea  the  time  taken 

in  the  wave  in  its  progreaa  from  fj 

From  these  consider at  ions  wo  can  now 
pass  to  study  what  occurs  when  the  muscle 
enters  into  tetanus.  The  simplest  case  is 
that  which  was  first  observed  by  Du  Bois 
lteyinond.  He  placed  his  non-polar isable 
electrodes  in  the  positions  indicated  in  fig.  173,  one  (p)  on  the  com- 
paratively uninjured  surface,  the  other  <0  on  the  devitalised  cut 
end.  Ho  scut  in  the  tetanising  series  of  shocks  at  A.  The  elec- 
trical response  is  uuder  these  circumstances  a  sum  ma' inn  of  tl< 
individual  electrical  rosponses  evoked  by  instantaneous  stimuli .  and 
the  monophasic  character  of  the  single  response  explains  easily  what 
occurs  during  tetanus,  the  centre  of  the  muscle  becomes  more 
positive  than  it  was  before,  and  so  the  electrical  difference  of  potential 
between  the  centre  and  the  injured  end  is  lessened.     But  with  regard 


\l 


Ki...  i:<     lht-n'r*-t*t*wi  dia- 
gram.   (Bunion  Karwliir»oii.) 
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to  uninjured  muscle  tho  problotu  is  not  so  easy.  It  is  at  first  sight 
difficult  to  see  why  the  Kunmod  effects  of  a  series  of  diphasic  varia- 
tions should  take  the  direction  of  the  first  phase,  as  was  found  to 
the  case  by  Du  Boil  Beymond  in  ■xperimanta  with  the  f rog*a  gastroc- 
nemius. One  would  have  anticipat-od  that  "negau  nation  in 
tho  arithmetical  sense  would  be  absent  altOgG  case 
in  absolutely  normal  mojoles;  Hermann  dm  nbown  that  it  is  so 
during  tetanus  tit*  the  human  forearm.  But  a  attack  removed  from 
an  animal's  body  cannot  be  considered  absolutely  normal,  and  if  tho 
two  contacts  be  placed  on  the  comparatively  uninjured  longitudinal 
surface,  us  in  h>.  171,  a  negative  variation  is  observed,  each  excitatory 
phase  becoming  woaker  as  it  progresses,  and  tho  second  phase  of 
<-:i<:li  diphasic  effect  is  weaker  than  tho  fust.  Tho  following  figure 
illustrates  tho  record  obtained  by  the  capillary  electrometer  from  an 


Flo.  I  TO.— Kln:icj(ii«i4t  record  of  Injured  Mrlormi  during  tttnntti. 

injured  sartorius  excited  14  times  a  second;  each  oscillation  repre- 
sents a  single  monophasic  variation.  The  individual  oscillations  can, 
however,  be  seen  when  the  excitations  follow  one  another  more 
lly,  even  up  to  SO  or  100  pa  second. 

Unsole  i  •  not  the  only  tissue  which  exhibits  electrical  phenomena. 
A  nerve  which  is  uninjured  is  iso  iloctrio;  injury  causes  a  demar- 
cation current;  activity  is  acoompanied  with  ,i  similar  diphasic  wave 
travel  Dfi  the  nerve  simultaneously  9  ll  b    An  nervous  impulse.. 

The  activity  of  BOOrel  vegetable  tissues,  retina,  etc.,  i-. 

accompanied  with  somewhat  similar  electrical  changes,  which  we 
shall  study  in  detail  later. 

But  the  most  prominent  exhibition  of  animal  electricity  is  seen 
in  the  electric  organs  of  electric  fishes.  In  some  of  these  fishes  the 
electric  organ  is  moili  iselc,  in  which  a  series,  as  it  were,  of 

hypertruphied  end-plates  correspond  to  the  plates  in  a  voltaic  pile. 
In  other  fishes  the  electric  organ  i.-:  composed  of  modified  skin  glands. 
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But  in  each  case  the  •  1  trgo  is  tho  principal  phenomenon 

that  accompanies 

The  Rheoeoopic  Prog. 

Tho  electrical  changes  in  musclo  can  be  detected  not  only  by 
the  galvanometer  and  electrometer,  hut  also  by  what  is  ki  >  wn  as 
the  physiological  rhtos<  an  ordiJQi  de-norvo 

preparation  from  a  fresh  and  vigorous  frog.     The  nerve  is  stimulated 


I  "•>  —  GiUrwil's  "•xjwriinrm  wltltoni  dkUU*. 

by  the  electrical  changes  occurring'   in  muscles,  and  tho  norvous 
se  so  generated  causes  a  contraction  of  the  muscles  of  the  rheo- 
scopic  preparation.     The  following  are  the  imncipal  experiments  that 
can  1m;  shown  in  this  way: — 

1.  Contraction  without  metals.  If  the  nerve  of  a  ncrve-uiusclo 
preparation  A  is  dropped  upon  another  muscle  B  (fig,  17G)  or  upon 
its  own  muscle,  it  will   be  stimulated  by  tho  inju  ml   of  the 

muscle  on  whi  dropped,  and  this  leads  to  a  contraction  of  the 

muscle  (A)  which  it  supplies.     Tho  experiment  succeeds  best  if  the 


1      .  177.— S-oxi'Ury  co»tr»ctloh.    (Aft«  WaUer.) 

nerve  is  dropped  across  a  longitudinal  surface  and  lily  made 

transverse  section 

2.  S&orulary  contraction.  This  is  caused  ly  iln-  current  of 
action,  If,  while  the  nerve  of  A  is  resting  on  the  muscle  B  (fig. 
177),  the  latter  is  made  to  contract  by  the  stimulation  of  its 
nerve,   the    nerve   of   A   is   stimulated    by   th<  ical    variation 

which  accompanies  the  contraction  <>f  the  muscle  B,  and  so  a  con- 
traction of  muscle  A  is  produced.  ThU  is  called  secondary  con- 
traction.   It  iii;iy  be  either  a  secondary  twitch  or  secondary  tetanus, 

K 


146 


THE  ELECTRICAL  PHENOMENA   OP   MUSCLE  [CH.  XII. 


according  as  to  whether  the  muscle  B  is  made  to  contract  singly  or 
tetanicafly. 

3.  Secondary  contraction  from  the  heart.  If  an  excised  but  still 
beating  frog's  heart  is  used  instead  of  muscle  B,  and  the  nerve  of 
A  laid  across  it,  each  heart's  beat,  accompanied  as  it  is  by  an  electrical 
variation,  will  stimulate  the  nerve  and  cause  a  twitch  in  the  rheo- 
scopic  muscle  A. 
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In  muscular  contraction  there  is  a  transformation  of  the  potential 
rgy  of  chemical  affinity  into  other  forms  of  energy,  especially 

nuiliir  motion  ami  heat.  Heat  is  a  foi  ED  of  motion  in  which  there  is 
movement  of  molecules,  in  molar  motion  thoro  ia  movement  of 
masses.  The  fact  that  when  a  blacksmith  hammers  a  piece  of  iron 
it  becomes  hot  is  a  familiar  illustration  of  the  transformation  of  one 
m<ile  of  movement  into  tfifl  other.  Heat  is  measured  in  heat-units  or 
calories.     One  calorie  is  t.h.  e.quired  to  raise  the  temperature 

of  1  gramme  of  water  from  0  to  1  U. ;  and  this  in  terms  of  work  is 
equal  to  4255  gramme-metros,  that  is,  the  energy  required  to  raise 
the  weight  of  4255  grammes  to  the  height  of  1  metre. 

A  muscle  when  uncontracted  is  nevertheless  not  at  absolute  rest. 
We  have  already  seen  that  it  possesses  tonus  or  tone ;  it  also  possesses 
what  we  may  call  chemical  tone;  that  is,  chemical  changes  are 
occurring  in  it,  and  consequently  heat  is  being  produced.  But  when 
it  contracts,  the  liberation  of  energy  is  increased;  work  is  done,  and 
more  beat  is  produced;  the  heat  produced  represents  more  of  the 
energy  than  tin;  work  done.  The  mure  resistance  that  is  offered  to  a 
muscular  oontnotton,  tin  mure  is  the  work  done  rolatively  increased 
aud  the  heat  diminished.  The  amount  of  heat  produced  is  increased 
by  increasing  the  tonsion  of  the  muscle.  It  diminishes  as  fatigue 
comes  on.  On  increasing  the  strength  of  the  stimulus  the  amount 
of  heat  increases  faster,  proportionately,  than  the  work  performed. 

If  work  is  done  by  a  few  large  contractions,  more  heat  is  produced 
than  if  the  same  work  is  done  by  a  larger  number  of  smaller  contrac- 
tions; that  is,  more  chemical  decomposition  occurs,  and  fatigue 
ensues  more  rapidly  in  the  first  case.  This  fact  is  within  tho  personal 
experience  of  everyone.  If  one  ascends  a  tower,  the  work  done  is 
the  raising  of  the  weight  of  one's  body  to  the  top  of  the  towor.  If 
the  staircase  in  the  tower  has  a  gentle  slope,  each  stair  being  low, 
far  less  fatigue  is  experienced  than  if  one  ascended  to  the  same  height 
by  a  smaller  number  of  steeper  steps. 
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On  a  cold  day  ono  keeps  oneself  warm  by  muscular  exercise;  this 
common  fact  is  confirmed  by  more  accurate  experiments  on  isolated 
muscles,  the,  heat  produced  being  sufficient  to  raise  temporarily  tin- 
temperature  of  the  muscle.  This  can  be  shown  in  Itfge  animals  by 
inserting  a  thermomoter  between  the  thigh  muscles  and  stimulating 
the  spinal  conl.  The  rise  of  temperature  may  amount  to  several 
degrees. 

In  the  case  of  frog's  muscles,  HelmholU  found  that,  after  tetauis- 
ing  thf.iu  fur  two  or  throe  minutes,  the  tempomtnro  rises  014  to 
Mfl  C. ;  and  for  each  single  twitch  Heideuhain  gives  a  rise  of 
temperature  of  from  0  001    to  0005    C. 

For  the  dotation  of  such  small  rises  in  temperature,  a  tJiermopik, 
and  not  a  thermometer,  is  employed. 

A  thermopile  consists  of  a  junction  of  two  different  metals;  the 
metals  are  connected  by  wires  to  a  galvanometer.     If  the  jun 
is    heated    an    electrical   current  passes  round   the    circuit,   and    is 
detected  by  the  galvanometer.     Tim   metals  usually  employed  are 


B-*A 
I  Couple 


A~b 


B-A 


rt 


A— — B 


2  Cnupltrr. 


B-»-»-»A 


3  Couplet. 


Flo.  ITS.    Schf  iu«  of  llMTUKM-loctrlc  cou|>U>t.    (After  Wnllcr.1 

iron  and  Gorman  silver,  or  antimony  and  bismuth.  If  the  numUr 
of  couples  in  the  circuit  is  increased,  each  is  affected  in  the  same 
way,  and  thus  the  electrical  current  is  increased  through  the  galvano- 
meter. The  arrangement  is  shown  in  the  fig.  178,  which  also  indicates 
the  direction  of  the  currents  produced,  the  metals  employed  being 
antimony  and  bismuth.  By  using  16  couples  of  this  kind  Helmholtz 
was  able  to  detect  a  change  of  -nrW  °f  a  degroe  Centigrade. 

Within  certain  limits,  the  strength  of  the  current  is  directly 
proportional  to  the  rise  of  temperature  at  tho  junction. 

If  two  couples  are  in  circuit,  as  shown  in  the  second  diagram,  and 
they  are  heated  equally,  no  current  will  pass  through  the  galvano- 
meter, tho  current  through  one  couple  being  opposed  by  the  current 
through  the  other.  But  if  the  two  couples  are  heated  unequally,  the 
direction  of  awing  of  tho  galvanometer  needlo  indicates  which  is 
the  warmer.  To  apply  this  to  tho  frog's  gastrocnemius,  pluuge  several 
noodle-shaped  couples  (diagram  3)  into  a  frog's  gastrocnemius  of  one 
side  and  (fie  Mine  number  of  couples  into  the  gastrocnemius  of  the 
othet  side,  and  then  excite  first  one  then  the  other  sciatic  nerve , 
a  deflection  of  the  galvanometer  will  be  observed  first  in  ono,  then  in 
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the  other  direction,  indicating  the  production  of  heat  first  on  one 
side,  then  on   1 1 1 *:  other. 


Chemical  Changes  in  Muscles 


Tho  chemical  changes  which  are  normally  occurring  in  a  resting 
muscle  are  much  increased  when  it.  contract*     Waste  prodnc 

oxidation  are  disehare;ed,  ami  im   moat  abundant  o!  these  is  cai  I 

Sarco-lactic  acid  d  also  produced,  and  the  alkaline  reaction  >>i 
a  normal  muscle  is  replaced  by  an  add  onft  The  muscles  of  animals 
hunted  to  death  are  acid  ;  the  EM  Id  reaction  to  litmus  pu]>or  of  a  frog's 
gagtroonenrios  can  be  readily  shown  after  it  lias  bean  tetanised  for  10 
to  15  minutes. 

Zhe    quantity   (if   oxygen  003  I    is    increased,   but    the   con- 

sumption of  oxygen  will  not  account  fur  thu  much  greater  increase 
in  the  discharge  of  carbonic  acid.  This  is  illustrated  by  tho 
following  table : — 


Vammu  Blood. 

O,  ta»  Ui«n 
ArUrtal  Blooil. 

CO.  mot*  Baa 
ATUrtal  Blood. 

Of  resting  muscle 

9  per  cent 

671  pi-r  wit. 

Of  active  muscle 

12-36  per  cent. 

10  79  per  cent 

Indeed,  a  muscle  can  be  made  to  contract  and  give  off  oxidution 
pro •  I  nets  like  carbonic  acid  in  an  atmosphere  containing  no  oxygen 
at  all  The  oxygen  used  is  thus  stored  up  in  the  BMlScle  previously. 
The  Oxygen  is  not,  however,  p re-sent  in  ilie  free  state,  for  no  oxygen 
can  be  detected  in  the  gaBes  obtained  bom  muscles  by  means  of  an 
air-pump.  Hermann  has  supposed  that  the  oxygen  enters  into  the 
formation  of  a  complex  hypothetical  compound  lie  calls  inoyen.  On 
contraction  he  considers  this  is  broken  up  into  carbonic  aeid,  sarco- 
lactic  acid,  and  a  proteid  residue  of  myosin. 

There  are  other  chemical  changes  in  the  mnselr  when  it  eon  tracts 
— namely,  a  change  of  glycogen  into  sugar,  and  an  increase  of  niim- 
genous  waste.  The  question  whether  urea  is  increased  during 
muscular  activity  is,  however,  a  much  debated  one,  and  we  Bhall 
return  to  it  when  we  are  studying  the  urine.  What  is  certain  is 
that  tho  increased  consumption  of  carbon  (possibly  in  large  measure 
derived  bom  the  carbohydrate  Stored  m  the  muscle)  is  a  much  more 
marked  ami  immediate  feature  than  an  increase  in  the  consumption 
of  nitrogen. 


If  the  nerve  of  muscle  preparation  is  continually  stimu- 

laled,  the  muscular  contractions  l>ecome  more  prolonged  (see  p.  1 1 7 >. 
smaller  in  extent,  and  finally  cease  air- 

'I'll'1  muscle  is  -  is  clue  to  '1' nsurup- 

ii'ii  of  the  substances  available  for  the  supply  of  energy  in  the 
mueole,  bat  novo  particularly  to  the  accumulation  of  waste  produei* 
ti.u  liuu  .  nf  those,  sarco-lac tic  acid  is  probably  an  important 
one.  Batfgne  may  1-e  u  tilieially  induced  in  a  muscle  by  feeding  it  on 
a  weak  Bolution  of  lactic  acid,  and  thou  removed  by  washing  out  the 
muscle  with  salt  solotior  m  taining  a  minute  trace  of  an  alkali.  If 
the  muscle  is  left  to  itself  in  the  body,  the  blood-stream  washes  away 
the  accumulation  of  acid  products,  and  fatigue  passes  off. 

The  question  noxt  prosonts  itself,  whero  is  the  seat  of  fatigue? 
Is  it  in  the  nerve,  tho  muscle,  or  the  ond-plates  ?  If,  after  fatigi; 
ensued  and  excitation  of  the  nerve  of  the  preparation  produces  no 
more  contractions,  the  muscle  is  itself  stimulatod.it  contracts;  this 
shows  it  is  still  irritable,  and,  therefore,  not  to  any  great  extent  the 
seat  of  fatigue. 

If  an  animal  is  poisoned  with  curare,  and  it  is  kept  alive  by  > 
ficial  respiration,  excitation  of  a  motor  nerve  produces  no  contraction 
of  the  muscles  it  supplies.  If  one  goes  on  stimulating  tho  nerve  for 
many  hours,  until  the  afifeot  of  tho  curare  has  disappeared,  tho  block 
at  the  ond-plates*  is  removed  and  the  muscles  contract:  the  seat  of 
exhaustion  is  therefore  not  in  tho  norves. 

By  a  process  of  exclusion  it  has  thus  boon  localised  in  the  nerve- 
endings. 

When  the  muscle  is  fatigued  in  the  intact  body,  there  is,  however, 
up  'titer  factor  to  be  considered  beyond  the  mere  local  poisoning  of 
the  ond-plates.  This  is  the  effect  of  the  products  of  contraction 
passing  into  the  emulation  and  poisoning  the  central  nervous  By Btem. 
It  is  a  matter  nf  common  ox  pone  tier  that  one's  mental  state  influ- 
urkedly  tho  enact  Of  tatigOO  and  the  amount  of  muscular 
work  one  MO  do.  Thie  aspect  01  the  question  has  been  specially 
studied  by  Waller  and  by  Musao.  Mosso  devised  an  instrument 
called  the  ergoijrapk,  which  is  a  modification  of  Waller's  dynamograph 
invented  many  ye  .  iously.     The  arm,  baud,  and  all  the  iiugors 

but  one  arc  fixed  in  a  suitable  holder;  the  free  linger  repeatodly  lifts 
iht  over  a  pulley,  and  the  height  to  which  it  is  raised  is  regis- 
tered by  a  marker  00  Q  blackened  BttsfeoO. 

By  the   use  of  ibis  nflei  in:-1  it  has  boon  shown 


•Another  convenient  block  vhtcti  Is  KKnethnu  and  bi  to  throw 
current  into  the  nerve  between  the  point  of  i  indthe  muscle* 

rents  the  nerve  Impulses  from  reachtog  the  nsadea. 


taoJ 
This  pre- 
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that  the  state  of  the  brain  and  central  nervous  Bystem  generally  is  a 
moat  important  factor  in  Eatigne,  and  that  the  fatigue  products  pro- 
ducal  in  the  muscles  during  work  cause  most  of  their  injurious 
effects  by  acting  on  the  central  nervous  system  and  diminishing  its 
power  of  sending  out  impulses. 

One  of  tho  most  striking  of  Mosso's  experiments  illustrates  in  a 
very  forcible  manner  the  fact  that  the  central  nervous  system  is  more 
easily  fatigued  than  the  nerve-endings  in  muscle.  A  person  goes  on 
lifting  the  weight  until,  under  the  intlimnce  of  the  will,  he  is  unablo 
to  raise  it  any  more.  If  then  without  waiting  for  fatigue  to  pass  off, 
the  nerves  going  to  the  finger  muscles  are  stimulated  artificially  by 
induction  shocks,  they  once  more  enter  into  vigorous  contraction. 

Mosso  has  also  shown  that  tho  introduction  of  the  blood  of  a 
fatigued  animal  into  the  circulation  of  a  normal  one  will  give  rise  in 
the  latter  to  all  the  symptoms  of  fatigue.  The  blood  of  tho  fatigued 
animal  contains  the  products  of  activity  of  its  muscles,  but  still 
remains  alkaline;  the  poisonous  substance  cannot  thoreforo  be  free 
lactic  acid  ;  and  lactates  do  not  produce  the  effect.     Lactic  acid  ia 

ibtless  ono  ool  •  A  I  06  products  of  muscular  activity;  we  have  at 
present  no  accurate  knowledge  of  the  abemii  a3  nature  of  the  others. 

The  statement  thai  oerwea  an  oof  futigualilc,  does  not  mean  thai  the  mr.  ■■ 

fibres  undergo  no  metabolic  changes  when  transmitting  a  nerve  impulse,  but  that 
thachang  light,  and  tho  possibilities  of  repair  so  great,  thai  fatigue  in  1 1»* - 

>l  Acceptation  of  t  be  term  cannot  be  demonstrated.  Waller  made  the  interesting 
but  tentative  suggestion  tlmt  the  medullary  sheath  is  a  great  factor  in  repair,  or,  in 
his  own  WOtdSi  "Hie  active  ne?  n\is  I intli  lays  down  and  uses  up  its  OWB  fatty 
sheath,  and  it  is  inexhaustible  not  because  there  is  little  or  no  expenditure,  but 
because  there  is  an  ample  re-supply." 

\  year  01  t-.ee>  .iJter  !li<-.-  wi.nls  were  written,  Hhl  Sou  foil,  at  I  )r  Waller's 
suggestion,  undertook  a  piece  of  worik  in  order  to  test  the  truth  oi  this  hypothesis. 
Il'  the  ah.\ence  u!  fatigue  is  due  tO  the  presence  nf  the  t'utt\  she.i'li,  btigOC  ought 
to   be    demonstrable  in   nerve-fibres   in   which    the    I  kth   is   absent.     She 

■dec  •>  ve  i if  the  pike  asthe  non  medo&atod  Bern  with  which  to 

fry    the  i.    and     ha    results    confirmed    I)r    Waller's    expectation;    the 

SH  metric  replies  of  the  nerve  become  ■.•jiu«  "hat  feebler  after  repented  stmn  - 
ion. 
It  appeared  to  mc  (\dvisnble  to  trst  the  question  in  another  way.     The  splenic 
run  ed  ti>  Im?  the   unr-t       mrcnient  large  bundles  ..f  non  uiedulUted  fibres 

for  the  purpose       Hr  T.  G.    Brmlle  was  associated  with  me  in  currying  Ottt  the  in- 

.iIimi,     A  ed,  tbe  ahdomen  opened,  tho  spleen  exposed,  and 

tin-  splenic  nerves  which  lie  by  the  side  of  the  main  splenic  artery  0  laid  l>arr. 
It  is  quite  easy  to  dissect  out  a'  length  0  lent  for  the  experiment  (1J  to  2 

in  in-.',     rip  ne,,.  ii  then  en!  as  tax  From  tbe  spleen  ai  |WMWil>l*.  and  the  spleen 
idosed  In  an  ah*  onooraebez  connected  to  the  bellows  rohwne  recorder  Invented 

by  Dr  Brodie.  On  stinuihiting  the  nerve  with  a  weak  faradic  i  tirreot  the  organ 
DOObaotSa  nn«l  tl»e  recording  lever  tails.  The  djnnnuti  hi  ni  the -i/c  of  the  spleen 
is  quit,    risible  to  the  naked  i  . ,  r,  wirh.ut  I  lie  use  of  any  apparatus.     The 

next  thing  to  do  is  to  put  a  block  on  the  course  of  the  m  h  will  prevent 

the  nerve  impulses  from  reaching  the  spleen.  Here  we  met  with  sane  ilitlieulty. 
CORN  and  atropine  are  both  inclTeetive  :  the  constant  current  has  a  great  dis- 
advantage: non  medull.itcd  nerves  are  so  much  affected  that  very  feeble  Constant 
currents  will  comph  tely  block  the   transmission  of  impulses,  and  not  only  that,  hut 
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the  nerve  remains  Mocked  after  tin  ■  urrcnt  is  rciuovi  i).  After  t  ri^  current  has 
been  allowed  to  Bow  fur  two  mtttutes  the  nerve  remains  impassable  to  nerye 
impuUc*   for  Jin  hour  or  more,   ind   then    slowly  recovers.     If.  therefore,  fnrudie 
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Fiu.  1T9.— Api«rnw»  for  otiUlnte  •pleafc  crorraa.  a,  ipleon  In  oucomrtaw  a,  which  U  ma/la  of  pitta- 
parch*,  tad  bowwJ  Milk  a  k!*s«  plat*  (n.r.)  lutod  on  wltb  Tasallr*.  ji,  u  Ui«  «pWuIc  tutawtttry 
eonUliiint;  vtiaaela  an-l  inrraa;  IU1«  i«m«.  ttirvu«»i  a  alit  In  tl>*  ba**of  tliaonoomolar  which  li  tn*4« 
alr Unlit  oitli  v«w  hni'.  Tti«  oncomuKx  U  connect*!  to  tbo  floxlbla  lxJlowa  (»)  by  lh«  ludU.nibber 
tubal  lfc;ctoaa.1.iarlng«i«x|i«iUDantbyt  pl<vv..,r  «Uua  rod.    The  recording 

loior  (O  wrltm  an  •  revolving  drum. 

enribxtfon  of  the  nerve  is  kepi  no  all  tins  time  and  hit  h  ndtethei  on  of 

phi  ii  ulbBt  the  removal  of  tKc  constant  current,  it  is  impossible  to  say  whet  In  i 
tin*.  Isdue  t"  Fatigue  of  the  nerve-fibres  on  the  proximal  tide  of  the  block,  <ir  whether 
it  may  DO)  bfl  dllC  to  the  fact  that  the  block  created  by  the  constant   i  -till 

effective. 

Our  beat  results  were  obtained  b\  using  colli  instead  of  a  constant  curreo 
our  blocking  ep ml 

Fig.  1/1"'  G  BB  niilliue  drawing  01  the  apparatus  used,  and  fig.  180  shows  the 
arrangement  adopted  in  comecUon  uith  the  nerve. 
The  nerve  fa)  rests  on  a  metal  tube  (r)  through  which 
water  can  be  kept  flowing;,  e  is  tin  BttnatJon  of  ti» 
dm.  It  the  nerve  i--  escttecL  Bus  spleen  con- 
tracts, and  the  recording  lever  (In  fig.  I79j  tails,  it 
now  brine  al  0  t"  -  ( '.  Is  ken  through  i.  the 

nerve  impulse-  an    blocked  bj  the  cold,  and  cannot 

ly  the  cold  brine  is  ra 
Me  warm  water  at  90  C.,  the  nerve  again  becomei 

pass  <!''•     '•  - '  | " '  I  -  <  — ,    ami   l|i.     - .  |  ■  i  <  - ..  - 1 1   itru-ts 

once  more. 

If  while  the  Hind  in  r  is  kept  at  the  low  tempera- 
ture  mentioned,  the  iicrv.    is  being  8X1  'iteil  with  strong 
induction  Bhocks  all  the  time,  the  spleen  remains  irre- 
■■ . ■:    tin    nerve  impuU.  .  are  able  bO  reach  t  but 
OM  tO  pas-,  it.      It'  then  warm  «ili  r  i.  passed  through  T, 

and  tin  block  produced  by  thi  cold  ii  thus  removed. 
and  the  sjileen  .  .uitiiui. -  (..  I><  irresponsive,  we  have  a 
proof  Hi  it  the  piece  of  nerve  between  i  and  rhas  been 

fatigued.  Hut  our  experiments  have  shown  us  Hint 
ii<iri-iii'-ilullai''l  him  ■  is  difficult   to  fatigue  as 

raedullalcd  Even   .ifter    su    hours'  continuous 

■lie  nerve  is  just    is  excitable  I  it   the  >!art.  and  a  lull  splenic 

riMiUai  linn  is  obtained  when  the  cold  block  is  tenored. 

We  have  made  ilmihu  experlnienta  with  rapoHnotar  nam  - .  men  u  the  DarviceJ 
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Xio.  190.— Arraagetnent  of  ap- 
paratus In  iwiunHitiun  arffll 
tlin  •.ptiuilc  anno,  a  la  Uio 
kplaaa,  and  *  thi  main 
lmii.ll*  of  nnrvm.  Tim 
nervn  rnaU  on  tli»  nmtal 
tab*  (r)ttiruusb  which  fluid 
at  th*  raqnir*  I  t«m  r*r*ui  r» 
,  t  ItU'Wluu,  IH  uu  tb" 
elcclrodM  (k)  which  come 
from  tbr  nocoii'lary  coil  of 
an  uplu'.-torlimi. 


■;iii] 


KIUOK   MOKT18 


153 


rv«-  in  lli<    rahlnt,  the  splanchnic   nerve  .if  the  dog,  and  the  sciatic 

d  doe,  and  have  obtained  corresponding  rhis  csnlii 

the  work  pre*  miisly  puhhsded  by    I'm        I'm-  exriled  the  UUIltud  \vmpalhelir  fur 

•     hours,  and  found  DO  loil  of  excitability  at  the   end  of  that  time.      Eve 

liiuulated  the  nerve   bclnv.   Ih<     ii|.|kt  cervical  K.tupluui,  mid  the  itiuin  oUeCtoC   bll 

raft  leertain  whether  an]  histologics]  ■  gue  could  be  found 

.11  the  cell-  of  th.-  ganglion.     Hit  Onl]  id  find  there  wo>  a  somewhat 

diffuse  staining  Of  the  cell-,  liy  me|h\  hue  blue,  which  he  .iMrinule.s  In  the  fnrmalion 
ofn.  \  l.liu- st.iin  .>i   ••itiiii.ir  appearane.-  may  he  induced 

in  the  notoc  oelk  of  the  spin  d  cord  iheiiilbw  li  prodw  ed  in  then  bj  glTna 

Btrvchulne.    In  Mich  experimento  the  d  becomes  an  a  rale  distinctly  acid 

to  litmus  paper.     Max  Verworn  has  more  recently  employed  strychnine  as  a  m- 
ii  pndnemg  fatigue.     Heconsiden  thai  theoolj  ipecma  effect  of  this  alkaloid  is 

ni  'r. but  -   the   -nhsequent  pnr.ilysis  tn  vascular 
iitions  and  the  accuiiiul.iti.ni  ■•!  fuligue  products.  ■m««M|  v.  1 1 1<  fa  M  places  carbon 

dioxide  in  the  first  r.m  .  n  !he  contrary,  did  DM   tiinl  tliai  aubook  acid 

alone  produ 

we  must  ooncinde  froon  diueuli  that  l)r  Waller's  theory  in  anpeored, 

and  thai  while  faliirtir  is  deiininslr;ilile  in  nerve  cells,  it  lire,  never  yet  been   shown 
nr  in  nervc-fibr.  -  ol  I  Ither  the  in-dull. it.  d  Of  in-ii-medullated  variety. 

In  carrying  mil  them  experiment!  we  noticed  that  though  no  functional  fntlguc 
c«n   be   demonstrated,   there   is   noticenbk  By    in    vaso-motor   nerves,   a 

phenomenon  which  Unwell  terms  ttimultttitrn  ftilitjur.  ;  this  means  that  I  In-  actual 
stmt  of  nerve  stimulated  becomes  .itti  r  ;i  li  lie  less  excitable,  and  fundi',  inexeitnble, 
though  it  will  still  transmit  ImpnlMa,  If  the  excitation  is  applied  above  the  spot 
originally  stimulated.  We  think  that  the  use  nf  the  term  "  fatigUC  "  in  this  eim 
the  prolonged  efo  Men]  excitation  causes  injurious  polarisa- 
tion (due  to  •  lft-1  f.dy  tiL-  sfa  inues)  of  the  DCCfOi  "'Inch  renders  it  lata  excitable.  This 
view  has  Imiti  confirmed  by  Prof.  Ootcb  by  means  of  experiments  with  the  capillary 
electrometer.  This  so-called  •'stimulation  fatigue"  was  not  i  tchlded  in  Miss 
1 1,  .mil  will  posribh;  explain  bet  -••  nib  The  rolenk  nerrea, 
rmioaily  enooghi  do  not  exhibit  this  phenoon  DOB  in  any  marked  degree,  and  so 
were  pecull  irij    9  -II  adapted  to  tcstjthe  question  of  IBM  liniial  fatigue.     On  >'i  priori 

grounds  we  should  hardly  expect  nun  rnaduliated  nerves  to  be  peculiarly  iruarnTitiMfi 
al  fatigue,  when  MM  CODJldew  how  many  of  them,  like  the  vaso'constrteton. 
are  in  constant  action  throughout  life. 


Rigor  Mortis. 

After  death,  the  muaeles  gradtsalU  b  1  irritability  and  pass 

into  ;i  contracted  oonditzoo.    Thia  affects  all  the  muaelea  of  the  body, 

,  ..ilv  fixes  it  in  the  natural  posture  of  eatdUbrittSD  or  rest. 
Tho  general  stiffening  thus  produced  constitutes  rigor  mortis  or  post- 
mortem rigidity. 

an  is  the  coagulation  of  the  muscle-plasma,  which 
fully  described  111  the  next  section.  Thia  coagulation  results 
in  the  formation  of  mi/usin,  and  [a gradual  in  onset  S i  1 1 1 1 1 1 1 ; n v « ■ . » u s  1  >• 
the  muscles  (a)  become  shortened  and  opaque,  (b)  heat  is  evolved, 
they  give  off  carbonic  acid,  and  (d)  become  acid  in  reaction ;  this  is  due 
in  1  of  8arco-lactic  acid,  and  in  part  to  the  forma- 

tion of  add  plmsphates. 

Alter  1  interval,  the  rigor  passes  off,  and  the  muscles  are 

1  ooe  more  relaxed    Thia  sometimes  occurs  too  quickly  to  be  causod 
by  puin.ifaciitui,  and  the  suggest!"!!  thai  in  such  cases  at  any  rato 


154 


THERMAL   AND   CHKHICAL   CHANRRS   IN    MU8CLK       [CH.  XIII. 


such  relaxation  is  due  10  a  ferment-action  is  very  plausible.  It  is 
known  that  a  pepsin-like  or  proteolytic  ferment  is  present  in  muscle, 
as  in  many  other  animal  tissues,  kidney,  spleen,  etc.  (Hedin),  and 
that  such  ferments  act  best  in  an  acid  medium.  The  conditions  for 
tho  solution  of  the  coagulated  myosin  are  therefore  present,  as  the 
reaction  of  rigorod  muscle  is  acid. 

Order  of  Occurrence. — The  muscles  are  not  affected  simultaneo 
by  rigor  mortis.     It  affects  tl.  and  lower  jaw  first;  next,  the 

upper  extremities,  extending  from  above  downwards;  ami  lastly. 
reaches  the  lower  limbs;  in  some  rare  instances  it  affects  the  lowsff 
extremities  before,  or  simultaneously  with,  the  upper  extremities 
It  usually  ceases  in  tho  order  in  which  it  liegins:  first  at  the  head, 
then  in  the  upper  extremities,  and  lastly  in  the  lower  extremities. 
It  seldom  commences  earlier  than  ion  minutes,  or  later  than  seven 
hours  after  death;  and  its  duration  is  greator  in  proportion  I 
lateness  of  its  accession. 

Tli>!  D001U  fiice  of  rigor  mortis  is  not  prevented  by  tin-  previous 
existence  of  paralysis  in  a  part,  provided  the  paralysis  has  not  been 
attended  with  very  imperfect  nutrition  of  the  muscular  tissue. 

In  some  cases  of  .sudden  dr.it h  t'r.nn  lightning,  violent  injuries,  or  paroxysm 
passion,  rigor  mortis  litis  been  said  not   to  OOCW  at  all  :   but  tins  is  not  ulw.i  • 
case.     It  mny,  indeed,  be  doubted  whctlu  r  than  is  r rally  a  comiilrti- 
the  post-mortem  rigidity  in  any  toA  l  MM  .  tot  Um  its  of  Brown-Sequard 

maka  it  probable  that  the  rigidity  may  supervene  immi'diately  after  death,  and 
then  pass  away  with  mcfa  rapidity  as  to  be  seareely  obsrrviilile. 


Chemical  Composition  of  Muscle. 

The  phenomena  of  rigor  mortis  will  be  more  intelligible  if  we 
consider  the  ol  nposition  of  muscle. 

The  iMninecthw  tissue  of  muscle  resembles  connective  tissue  else- 
where; the  gelatin  and  fat  obtained  in  analyses  of  muscle  are 
derived  from  this  tissue.  The  sarcolemma  is  composed  of  a  substance 
which  resomblea  elastin  in  its  solubilities. 

The  contraetilo  substance  within  the  muscular  fibres  is,  during 
life,  of  semi-liquid  oo&Sttfeenoy,  and  contains  a  large  percentage  of 
l>!ui,<  ids  ami  smaller  quantities  of  extractives  and  inorganic  salts. 
I'.v  i  he  use  of  a  press  this  substance  can  be  squeezed  out  of  perfectly 
fresh  muscles,  and  it  is  then  called  the  muscle-plasma. 

After  death,  muscle-plasma,  like  blood-plasma,  coagulates  (thus 
causing  the  stiffening  known  as  rigor  mortis).    Tho  solid  clot  q 
spondiug  to  the  fibrin  from   blood-plasms  is  called   myosin,  and  the 
liquid  residue  is  called  the  muscle-serum. 

Punning  the  analogy  further,  it  ifl  found  iliat  the  coagulation  of 
In. i.li  muscle-plasma  and  blood-plasma  can  be  prevented  by  cold,  by 
strong  solutions  of  neutral  salts,  and  by  potassium  oxalate,  which 
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irecipitates,  as   the  insoluble  oxalate  of  calcium,   the   lime  salts 
sssontial  for  the  coagulation  process.     In  both  cases  the    lilting  is 
produced  by  the  art  ion  of  a  ferment  developed  after  doath.     I  v. 
eases  the  precursor  of  the  solid  clot  is  a  proteid  if  the  globulin  class 
which  previously  existed  in  solution. 

Fibrin  in  the  blood-clot  is  formed  from  the  previously  soluble 
fibrinogen  of  the  blood-plasma     Myosin  in  tlio  muscle-clot  is  formed 
n  .ns!v  Rotable  mymnogen  *  of  the  muscle-plasma.    When 
the  blood-clot  contracts   it   squeezes   out    11      1    rnii;    vrhen   the 
muscle-clot  contracts  it  squeezes  our,  mil  in.     The  ma 

serum  contains  small  quantities  of  albuminous  material,  together  wit  h 
the  extractives  and  Baits  of  the  muscle.  The  origin  of  the  sarco- 
laclic  acid  is  a  controversial  question:  Borne  believe  it  originates  from 
the  oarboh yd  rate  (glycogen  and  sugar);  others  think  it  comes  from 
•  in  the  muse 

The  general  eom position  of  muscular  tissue  is  the  following: — 


Water 

Protcids 

Gelatin 
Fat 

Inorganic  salts 


75     per  cent. 


M 

is 

[2to5 

0-5 
1  to2 


The  proteids,  as  already  stated,  chiefly  pass  into  the  clot:  i 
littlo  is  found  in  tho  muscle-serum. 

Tho  extractives  comprise  a  large  number  of  organic  substances, 
all  present  in  small  quantities,  some  of  which  are  nitrogenous,  like 
creatine,  creatinino,  xanthine,  and  hypoxanthine :  the  rest  Me  009- 
nitrogenous — namely,  fats,  glycogen,  sugar,  inosite,  and  the  variety 
of  lactic  acid  known  as  sarco-lactio  acid.  The  inorganic  salts  are 
chiefly  Baits  of  potassium,  especially  potassium  phosphate. 

The  condition  of  dead  muscle  reminds  one  somewhat  >r  conta  anted 
muscle.     Iul  :lnrity  is  so  striking  that  Hermann  has 

propounded  the  idea  that  contracted  muscle  is  muscle  on  the  road  to 
death,  the  differences  between  the   two  being  of  degree  only.     He 
considers  that,  on  contraction,  inogen.  (see  p.  149)  is  broken   up  into 
carbonic  acid,  sarco-lactio  acid,  and   myosin;  on   death   the 
change  occurs,  only  to  a  much  more  marked  ext» mt 

Tail  idea  is  a  far-fctchod  one,  but  it  is  a  useful  reminder  of  the 
similarities  of  tho  two  coses.  In  chemical  condition,  contracted  and 
dead  muscle  are  alike,  so  far  as  tho  formation  of  acid  products  is 
concerned;  there  is,  however,  no  evidence  of  any  formation  of  a 
musclo-cl  .in)  during  the  contraction   of    living   muscle,  as 

there    is  in  (lead   motels.     Then   heat  is  produced  in    both  cases, 

*   For  furtticr  details  sec  smnll  text  at  the  end  o(  this  chapter. 
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an<l  in  both  cases  also  the  muscle  is  electro-positive  to  uncontractod 
muscle. 

I  lore,  howevor,  the  analogy  must  end:  for  living  contracted 
muscle  is  irritable,  dead  muscle  is  not  Living  contracted  muscle  is 
more  extensible  than  uncontracted  muscle ;  muscle  in  rigor  mortis  is 
not  so  (sec  fig.  156,  |>.  128),  Tho  contraction  of  living  muscle  is 
favoured  by  feeding  it  with  a  Bolrriaon  <>f  dextrose,  while  tho  process 
of  rigor  is  hindered  by  the  same  solution.     (F.  S.  Lee.) 

<:t  knowledge  of  the  |>rotei<ls  of  imisi  i<-  and  Off  th<  phenomena  of  rigor 
morti*  date  from  the  year  1S»U,  WOOD  Kiihne  obtained  muscle-plasma  by  subjecting 
frozen  frog*!  hi  'ronjj  pressure.     A  pood  many  years  later  I  was  8UCC*> 

in  repeating  theee  experlmenti  with  mammalian  made.  K\  factional  heat  coagula- 
tion, and  by  tbeff  fairing  solubilities  in  inulr.il  .ills.  I  was  able  to  separate  four 
different  protcids  in  the  mu-elc-plasma. 

1.  A  globulin  precipilabh-  bj  heal  at    17    C     Ihtfl    la   analogous  to  the  cell- 
globulin  faind  in  most  protoplasmic  structures.     I  gave  it  the  name  paramyotinopn, 
\  protaid  -a ill*  manj  •>(  tin-  cbaraden  of  a  Klohuiiu.eiMgulable  by  heat  at 
66"  C.  :    and  this  I  tallied  ■MtfeofMi 

3.  A  globulin  (»rtyix;/«'''  pitahle  by  heat  at  63*  C 

4.  An  albumin  HDXtUl  In  I  DM)  rttei  lii  serum  albumin  is  also  present :  but 
this  and  the  myo-globulin  only  occur  in  quite  small  amounts. 

In  addition  to  these,  there  is  a  small  quantity  of  tun  Id  MOtl  Id  from  tin-  DDcki, 
and  in  the  red  muscles  haemoglobin  Ea  present ;  the  normal  pigment  of  the  so-called 
pale  muscles  is  termed  mys-hwmatin  by  MaiMunn.  ami  tli i -  i>  doubtless  a  derivative 
Of  hemoglobin. 

two  most  abundant  and  important  protcids  are  the  first  two  in  th- 
namely,  paramyosinogen  ami  myoMuogen.  They  occur  in  tin-  proportion  of  about 
)  to  4,  and  both  enter  into  the  formation  of  the  musclo-clot  (myosin).  The  myo- 
globulm  it  |M'»sibly  not  a  separate  protdd,  bffll  only  MOM  myosinogeti  which  fins 
escaped  eoogulatiou  :  the  albumin  U  probably  derived  from  adherent  blood  and 
lymph. 

In  1896  V.  Kurt  li  look  up  the  subject.  On  the  main  question  we  are  in  substantial 
agreement,  namely,  tlmt  in  the  muscle -plasma  there  lire  the  two  proteids just  alluded 
to,  and  thai  theM  both  contribute  to  the  formation  of  the  muscle-clot.     The  main 

Infota  of  dill. -reiiee  between  us  are  in  the  names  of  the  proteids.  He  uses  physio- 
ogi<'&l  saline  solution  to  extract  the  muscle-plasma,  and  tMl  extra,  t  coagulate* 
■poataiieotul)  on  standing;  he  is  doubtful  whether  a  ipedfll  •  myn>m-lennenl  brings 
about  the  change.  Paramyosinogen  he  terms  my<itin,  and  this  passes  dircctlv  into 
tho  dotted  oondftioo  'm^bnm)i  but  oxyocmogen,  called  rjio/m  by  v.  Forth, 

lirst  pisses  into  a  soluble  COttdH ion  (coaguluble  by  heat  at  tin-  rem  .irkably  low 
temperature  of  10'  C )  before  it  clots  :  the  soluble  Stage  he  calls  tohAtt  wyOJftmJUu  JB, 
and  the  dot  »o/"</ioi-/'oVin. 

We  may  pul  Ibis  in  n  ilia;  : 

Muscle  Plasma, 


Paramyosinogen. 

iniyo-in  of  I  •  Forth. ) 


M  |  mmii  .ilirin. 


Myosinogen. 
(myogen  of  v.  PUrth.] 

Soluble  myogen -fibrin. 

Myogcn-fibrin. 


Myosin  or  Muscle-dot 
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V.  Kurth  also  calls  attention  |        ,  ,  .    .    ,  i  mj         togen  which  separate 

it  from  the  typical  globulin*  :  r  v..  it  is  not  preci  pi  table  by  dialysiu^  tbc  ^.tlts  away 
from  its  solutions.     It  may  be  therefore  called  u  lobulln. 

In  mammalian  muscle,  soluble  inyogcn-nbrin  is  only  found  as  a  stage  in  the 
process  of  rigor  morlu,  hut  in  tli<-  muscles  of  the  frog  and  other  amphibia  il  is 
present  as  such  in  the  living  mu  eh 

The  muscle-plasma  from  fishes    muscle  contains  another  proteid  termed   mtfo- 
prottitl  by  r.  Flirt  h       It  is  pn-cipitablr  by  dialysis,  hut  not  cougulablc  by  heat. 

Brodic,  and  later.  Vernon,  did  some  interesting;  experiments  on  I 
When  o  muscle  is  heate«l  above  a  certain  tcmm-niliin-  it  bwffmfW  SUUb  anted  and 
stiff,  losing  its  irritability  completely.  This  is  due  to  tin-  coagulation  of  the  muscle 
protcids.  If  a  tracing  is  taken  of  the  contraction,  it  Is  found  to  occur  in  a  series  of 
steps:  the  first  step  in  the  shortening  oeena  at  the  coagulation  temperature  of  the 
paramyosinogen  [j  SO  C).  and  if  the  heating  is  continued,  a  second  shortening 
occurs  at  64  C,  the  coagulation  temperature  ol  BOJtxdnOgan.  If  boVBTflf,  a  frog's 
muscle  is  u-.ed,  there  arc  three  steps,  namely,  at  40"  (coagulation  temperature  of 
tO-fibrin),  >7  .  and  Bfl  .  This  work  of  Brodie's  is  especially  valuable 
because  it  teaches  us  that  the  protcids  in  muscle-plasma,  or  in  saline  extracts  of 
muscle,  are  present  also  in  the  actual  muscle-stibstanco.  He  also  made  clear 
another  Important  point,  namely,  that  the  irritability  of  the  muscle  is  lost  after  the 
first  step  in  the  shortening  has  occurred  In  other  words,  in  order  to  destroy  the 
vitality  of  muscular  tissue,  it  is  not  necessary  to  raise  the  temperature  sufficiently 
high  to  coagulate  all  its  profcsfds,  but  that  when  one  of  the  muscular  prutcids 
been  coagulated,  the  living  substance  as  sue i:  -ved;  the  protcids  of  muscle 

cannot  therefore  be  regarded  as  hufependeai  units:  the  unit  is  protoplasm,  and  if 
one  of  its  essential  constituents  is  ill  stroved,  protoplusn  b  ecascs  to  live 

Hans  Przibram  has  att-  ■  lassify  the  animal  kdDfldon  on  the  basis  of 

the  musele-proteids  :  his  conclusions  are  baaed  on  the  examination  ol  "only  thirty 
species  of  animals,  and  may  require  rc\Uu>u  in  the  future,  but  such  as  they  are,  they 
arc  as  follow  s  i 

Invertebrates:  paru  myo    no^eii  present  j  inyUftoogcn  absent. 

Vertebrates:  para-myosinogen  and  myosinogen  both  present. 

Fishes  s  in  addition  to  these  two  principal  protcids.  soluble  myogen-hhrin  and 
myoproteid  (in  large  quantities)  occur. 

Amphibians:  like  fishes,  except  that  my«>prot<  id  is  only  present  in  truces. 

BWpHirn.  turds,  mammals;   myoproteid  is  absent,  and  soluble  myogen-fibrin  is 
only  present  when  rigor  mortis  commences. 

Stcyrcr  has  recently  stated  that  on  prolonged  Ictanisation  (m  rabbits'  EBB 
tbc  amount  of  paramyosinogr  degeneration  occurs  after  the 

motor  nerves  are  cut,  the  amount  of  this  proteid  increases.  Such  results  must, 
however,  be  accepted  with  caution  until  more  satisfactory  methods  than  those  at 
present  in  use  are  adopted  for  the  estimation  of  the  musele-proteids. 


CHAPTER  XIV 

COMPARISON   OF  VOLUNTARY   AND  INVOLUNTARY  MUSCLE 

The  main  difference  between  voluntary  and  involuntary  muscle  is  the 
difference  expressed  in  their  names.  Voluntary  muscle  is  under  the 
control  of  that  portion  of  the  central  nervous  system  the  activity  of 
which  is  accompanied  by  volition.  Involuntary  muscle,  on  the  other 
hand,  is,  as  a  rule,  also  under  the  control  of  the  central  nervous 
system,  but  of  a  portion  of  the  central  nervous  system  the  activity 
of  which  is  independent  of  volition.  There  appear,  however,  to  be 
exceptions  to  this  rule,  and  the  involuntary  muscle  executes  its  con- 
tractions independently  of  nervous  control ;  that  is  to  say,  it  is 
sometimes  in  the  truest  sense  of  the  term  really  involuntary.  This 
is  very  markedly  seen  in  the  developing  heart  of  the  embryo,  which 
begins  to  beat  before  any  nerve  fibres  have  grown  into  it  from  the 
central  nervous  system. 

Another  characteristic  of  involuntary  muscle  is  a  tendency  to 
regular  alternate  periods  of  rest  and  activity,  or  rhythmvxdity.  This 
is  best  exemplified  in  the  heart,  but  it  is  also  seen  in  the  lymphatic 
vessels,  especially  the  lymph  hearts  of  the  frog,  and  the  mesenteric 
lymphatic  vessels  (lacteals)  of  many  animala  It  is  seen  in  the 
voins  of  the  bat's  wing,  and  in  the  muscular  tissue  of  the  spleen, 
stomach,  intestine,  bladder,  and  other  parts. 

A  third  characteristic  of  involuntary  muscle  is  peristalsis.  If 
any  point  of  a  tube  of  smooth  muscle  such  as  the  small  intestine  is 
stimulated,  a  ring-like  constriction  is  produced  at  this  point.  After 
lasting  some  time  at  this  spot  it  slowly  passes  along  the  tube  at  the 
rate  of  20  to  30  millimetres  per  second.  This  advancing  peristaltic 
wavo  normally  takes  place  in  only  one  direction,  and  so  serves  to 
drive  on  the  contents  of  the  tuba 

Involuntary  muBcle  nearly  always  contains  numerous  plexuses  of 
non-medullated  nerve-fibres  with  ganglion  cells;  so  that  much  dis- 
cussion has  taken  place  on  the  question  whether  the  phenomena  of 
rhythmicality  and  peristalsis  are  properties  of  the  muscular  tissue 

itself  or  of  the  nerves  mixed  with  it     The  evidence  available  (namely, 
us 
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that  portions  of  muscular  tissue  I  free  from  nerves  act  in  the 

same  way  as   those    that    poseoss   nerves)   indicates   that   it   is   the 
muscular  rather  than  the  nervous  tissues  that  possess  these  properties ; 
though  it  can  hardly  he  doubted  that  under  usual  circumstances  the 
k  ii  of  i  bij  muscle  is  influenced  and  controlled  by 

nervous  agei 

The  artificial  stimuli  employed  for  smooth  muscle  are  the  samo 
as  those  used  for  striated  muscle ;  single  induction  shocks  are  often 
ineffectual  to  produce  contraction,  bat  the  make,  and  to  a  less  extent 
the  break,  of  a  constant  current  will  act  as  a  stimulus 

The  faradic  current  is  a  good  stimulus,  but  it  never  throws 
involuntary  muscle  into  tetanus;  in  the  heart,  strong  stimulation 
will  sometimes  effect  a  partial  fusion  of  the  beats,  but  never  complete 
tetanus.  The  rate  of  stimulation  makes  no  differonco;  in  fact,  very 
often  a  rapid  rata  ol  stimulation  calls  forth  loss  rapidly  occurring 
.on tractions  than  a  slow  rate. 

A  stimulus  strong  enough  to  produce  a  contraction  in  the  beast 
elicits  a  maximum  contraction  ("all  or  nothing"  Waller) ;  the  pheno- 
menon known  u  the  staircase  (see  p.  117)  is  generally  better  marked 
in  the  case  of  the  heart  than  in  that  of  voluntary  muscle. 

The  contracti'ii  of  smooth  muscle  is  so  sluggish  that  the  various 
stages  of  latent  period,  shortening  and  relaxation,  can  be  followed 

li  the  eye;  the  latent  period  often  oxceeds  half  a  second  in 
duration.    It  does  not  obey  She  "all  or  nothing11  law. 

Tlio  norma]  contraction  of  voluntary  nuiscTo  is  a  kind  of  tetanus 
(see  p.  121);  the  normal  contraction  of  cardiac  and  plain  musclo 
is  a  much  prolonged  single  contraction.  A  very  valuable  piece 
of  evidence  in  this  direction  is  seen  in  the  experiment  on  the  heart 
with   the   jjIi  al   rheoscope   (see  p.    145).      Each   time  the 

contracts  the  rheoscopic  preparation  executes  a  single  kwitoh, 
tetanus.     This  is  an  indication  that  the  oli-i  trical  change  is  a 
single  One,  and  not  a  succession  of  changes  such  as  occurs  in  tot 

\\ '!.  1  chango  is  examined  with  the  electromotor, 

it  is  seen  that  it  is  a  diphasic  one  as  in  voluntary  muscle;  but  in  a 
slowly  contracting  tissue  like  the  heart-muscle  the  two  phases  are 
separated  by  a  prolonged  period  of  equipotentiality,  and  thus  they 
are  rendered  more  distinct.  The  illustrations  already  given  (figs. 
167  and  168)  show  this  fact  graphically. 

When   Uk   bSftfl    is   beating  sluggishly  in  the  rheoscopic  experiment  above 

d  to.  th«  »<pamtion  of  the  two  phases  of  the  electrical  chanj 

cause  hm  twttchi  I  ho  tl>«    miltdt  >Oem  preparation.     Uayliss  and  Starling  describe 

Utricular  contractJoo  of  the  mammalian  heart  as  ticing  accompanied  by  * 

triphasic  electrical  variation  ;  this  is  due  to  the  contraction  at  tlic  base  outlasting 

Mint  at  the  apex  :  if.  therefore,  base  and  apex  are  led  off  to  the  electron) cter,  the 

lire!  pbatt  is  doe  to  increased  positivity  at  the  base,  the  second  to  that  at  the  Apex  ; 

idckljr  subsides,  but  the  increased  y  •  il  the  base  which  still  continues 

accounts  fur  the  third  excursion  of  the  mercury. 
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But  though  involuntary  muscle  cannot  Iw  thrown  into  tetanus, 
it  has  the  property  of  entering  into  a  condition  of  sustained  contrac- 
tion called  tomes.  We  Bhall  hive  t..  Bonndec  this  question  again  in 
connection  with  the  plain  muscular  tissuo  of  tho  arterioles. 

Involuntary  muscle  when  it,  contracts  undergoes  thermal  end 
chemical  changes  similar  to  those  wo  have  dotlt  «•  ho  case  of 

the  v.ilnntai y  inuseles. 

Involuntary  muscle  is  usually  supplied  with  two  sets  of  nei 
one  of  which  (accelerator)  increases  and  the  other  I  >f  which  (inhil 
decreases  its  activity.    The  nerve-endings  in   involuntary  muscle 
ire  a  much  larger  doso  of  curare  to  affect  them  than  the  end- 
plates  in  voluntary  musole 

Tho  phenomena  of  rigor  mortis  in  involuntary  uiueclo  have  DOfi 
boon  so  fully  studied  as  in  the  case  of  voluntary  muscle.  It  has, 
however,  been  shown  that  the  chemical  composition  of  involuntary 
muscle  differs  in  no  noteworthy  manner  from  that  of  voluntary  muscle, 
and  on  death  the  muscle  become3  acid;  such  products  as  carbonic 
acid  and  sarco-lactic  acid  are  formed.  In  the  heart,  stomach,  uterus, 
and  rectum,  post-martevi  rigidity  has  been  noted,  and  it  probably 
occurs  in  all  varieties  of  plain  mnaele. 

Swale  Vincent  lias  shown  Hint  the  characteristic  proteida  (paramyosinogen  and 
myosin  ojren)  occur  in  both  striped  mid  nn  heal  rigor cuitm 

luntaxy  nuiwk  arc  practical])'  idcnticul  with  thOM  obluuicd  by  Brodie  (see 
p.  157).     He  is  inclined  to  think  that  the  two  pmteidb  «w  farmed  tiv  the  breaking 
down  nt    i  compound   protcid  which  in  living  RMSCie  mainly  coagulates  at 
This  view  is  taken  by  Stewart  in  refcrvn  ped  muscle  also,  but  has  been 

very  seriously  tpn-si  ioncil  by  v  Furtli.  The  most  striking  chcmic-il  difference 
between  unstriped  and  striped  muscle  is  seen  in  the  amount  or  nuclco-proteid  which 
they  contain.  Plain  muscle  contains  six  to  eipht  times  the  amount  found  in 
Toluntary  muscle ;  cardiac  muscle  contains  on  intermediate  quantity. 
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Many  points  relating  to  tho  physiology  of  norvo  have  beon  already 
stuilied  in  connection  with  muscle.  But  there  still  remain  further 
questions  upon  which  we  have  hardly  touched  as  yet. 


Classification  of  Nerves. 

The    nervo-liliKts    uIm-I,    i.  tin    tho   conducting    portions   of 
norvous  systom  may  be  classified  into  three  main  groups,  according 
to  the  direction  in   which    they  normally  conduct   norvo   impulses. 
Those  throe  classes  are : — 

1.  Efferent  nerve- fibres. 

2.  Afferent  nerve-fibres. 

3.  Inter -central  nerve-fibres. 

1.  Efferent  n  centrifugal  nerves  are  those  wliich  conduct  im- 
pulses from  tli"  central  nervous  system  (brain  ami  spinal  cord)  to 
Other  parts  nf  ih"  body.  When,  for  iosteOQOj  there  is  a  wish  to  move 
the  hand,  the  impulse  starts  in  the  brain,  and  travels  a  certain 
distanco  down  tho  spinal  cord ;  it  loaves  the  spinal  cord  by  one  or 
more  of  the  spinal  nerves,  and  so  reachos  tho  muscles  of  tho  hand 
which  are  thrown  into  contraction.  Such  nerves  are  called  motor, 
but  all  efferent  nerves  are  net  motor;  some  cause  secretion  instead 
of  movement,  ami  ol :  .'•'  cause  a  stoppage  of  mm ■iuuimiI.  Ota     A 

list  uf  the  classes  qJ  efferent  nerves  is  as  follows: — 

a.  Motor. 

h.  Accelerator. 
c.    Inhibitory. 
,/.  Secretory. 
c.  E 
/.  Trophic. 

a.  Motor  nerves.  Some  of  these  go  to  voluntary  muscles;  others 
to  involuutary  muscles,  such  as  the  vaso-motor  nerves  which 
supply  the  muscular  tissue  in  the  walls  of  arteries. 

L 
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b.  Acttlerator  norves  are  those  which  produce  an  increase  in  the 
rate  of  rhythmical  action.     An  Instance  of  these  \s  seen  in 

-vmpathetic  nerves  that  supply  the  hi 

c.  Inhibitory  nerves  are  in  the  rate 
action,  or  ii                          aplete  cessation. 

Inhibitory   nerv*  Ann.!    supplying    mani    trio 

involuntary   DIUBOlfl ,  :i    very    typical    instance    is    Found   in 
the  inhibit)  i  ted  the  be  url  which  are  oontained  within 

tin-  trunk  of  tin  nerve.* 

d.  Secretory  nerves  are  found  supplying  many  secreting  glands, 
such  ,i-  the  salivary  glands,  panaceas,  gastric)  glands,  and 
sweat  glands.  The  impulse  which  brave]  a  secretary 
nerve  Stimulates  socretinn  in  tin 

e.  Electrical  nerve    are  found  in  the   t'ow  fishes   which  possess 
i!  ntL'Juia     The  impulse  which  travels   down    these 

norves  causes    the    olectrioal    organ    to   1»    thrown    into 

activity. 
/.   Trophic,  nerves  are  t:  control  the  nutrition  of  the 

part  they  supply. 
2.  Afferent  or    centripetal    nerves    are    those    which    conduct 
mi  pulses    in    the    reverse   direction,  namely,  from    all   parts  of  the 
body  to   i  al  nervous  system.     When  one  feels  pain  in  the 

finger,  the  nerves  of  tho  finger  are  Stimulated,  an  impnl 
up  the  nerves  bo  the  spina]  sord,  and  then  to  the  brain,    lbs  mental 
process  sot  up  in  the  brain  is  called  a  sensation  ;  the  sensation,  how- 
ever, is  referred  to  the  end  of  the  nerve  where  the  impulse  started, 
.in  1  the  sensation  i  loes  not  appear  to  occur  in  the  brain,  but 

in  the  linger.     This  i.s  an  instanco  of  a  sensory  none;  and  tho  terms 

nt  and  sensory  may  often  bo  used  synonymously.     Tho  m 
of  sensation  may  l>e  grouped  as  follows: — 

a.  The  nerves  of  special  sense;  that  is,  of  sight,  hearing,  taste, 

smell,  and  touch. 

b.  The  nerves  of  general  sensibility ;  that  is,  of  a  vague  kind  of 

sensation  not  referable  to  any  of  the  special   senses  just 
enumerated ;  as  an  instance,  we  may  take  the  vague  feelings 
"i  comfort  or  discomfort  in  tho  interior  of  the  body. 
8.  Norves  of  pain.     It  is  a  moot  point  whether  these  are  anatomi- 
cally distinct  from  the  "titers,  for  any  excessive  stimulation 
of  a  sen  mi    nerve  whether  of  the  special  or  general  kind 
will  cause  pain. 
The   words  "sensory"  and  "afferent,"  however,  are  not  quite 
synonymous.     Just  as  we  may  have  efferent  impulses  leaving  the 

■  Tbfl  UUetUOD  DM  (MOD  much  debated  whether  voluntary  muscle  is  provided 
with  inhibitory  nerves ;  they do,  bowewwi appear  t<>  bet  present  in  attain  nerves 
•applying  the  rautclei  ot  the  i-luws  of  lobsters  and  similar  crustaceans. 
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brain  for  the  heart  or  blood-vessels  of  which  we  have  no  con- 
scious knowledge,  so  also  afferent  impulses  nmy  travel  to  febe 
central  nervous  system  which  excite  no  conscious  feelings.  The 
afferent  nerve-tracts  to  the  cerebellum  form  a  very  good  instance  of 
these 

•o.  the  excitation  of  many  afferent  nerves  will  excite  what 
are  called  reflex  actions.  We  are  very  often  conscious  of  the  sensa- 
li'ns  that  form  the  cause  of  a  reflex  action,  but  we  do  not  necessarily 
have  such  sensations.  Many  reflex  actions,  for  instance,  occur  during 
sleep;  many  may  be  executed  by  the  spinal  cord  even  after  it  has 
been  severed  from  the  brain,  and  so  the  brain  cannot  be  aware  of 
what  i  ing. 

A  reflex  action  iB  an  action  which  is  the  result  of  an  affen  m 
impulse.  Thus  a  speck  of  dust  falls  into  the  eye,  and  causes  move- 
ments of  the  eyelids  to  get  rid  of  the  offending  object.  The  dust 
excites  the  sensory  nerve-endings  in  the  conjunctiva,  an  impulse 
travels  to  the  centre  of  this  nerve  in  the  brain,  and  from  tho  brain 
a  reflected  impulse  travels  to  tho  muscles  of  the  eyelid.  A3  an 
instance  of  a  reflex  action  in  which  soci  ■  erncd,  take  tho 

watoring  of  the  mouth  which  occurs  whon  food  is  soon  or  smelt.  The 
nerves  of  sight  or  smell  convey  an  aflforent  impulse  to  the  brain, 
which  reflects,  down  the  .-•  ■■■k-.u >tj  nerves,  an  impulse  which  excites 
the  salivary  glands  to  activity. 

These,  however,  are  instances  of  reflex  action  which  are  aceom- 
paoled  with  conscious  sensation,  but  like  all  pure  reflex  actions  are 
not  under  the  control  of  the  will. 

An  Instance  of  a  reflex  action  not  accompanied  with  consciousness 
is  seen  in  a  man  with  bis  spinal  cord  cut  across  or  crushed,  so  thut 
;my  OOmmnnioatMMl  between  his  brain  and  his  logs  is  imp-*;  :,:M<\ 
lb  iniiiiiii.  move  his  logs  vulmiiinily,  and  is  unconscious  of  any 
feelings  in  them.  Yet  when  r.lie  soles  of  his  feet  are  tickled  he  draws 
his  legs  up,  the  centre  of  reflex  action  being  in  the  grey  matter  of 
the  lower  region  of  the  spinal  cord. 

For  a  roflex  action,  three  things  are  necessary:  (1)  an  afforont 
nerve,  (2)  a  nerve-contre  consisting  of  nervo-nll  to  receive  tin- 
afferent  impulse  and  Bend  Oni  BO  efferent  impulse,  and  (3)  an 
efferent  nerve  along  which  the  efferent  impulse  may  travel  If  tho 
reflex  action  is  a  movement,  the  afferent  nerve  is  called  excito-motor  ; 
if  it  is  a  secretion,  the  aflerent  nerve  is  called  excito-secretory ;  and 
similarly,  afforont  nerves  may  also  be  excito-acceleraior,  excito-inhibitory, 
etc. 

3.  Intercentral   nerves    are    those  which  connect  nerv> 
together;  they  connect  different  parts  of  brain,  und  of  tho  cord   to 
.  and  wo  shall  find  in  our  study  of  ti       I  8  ^-centres  that 
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Investigation  of  the  Functions  of  a  Nerve. 


There  are  always  two  main  e\|>erunents  by  which  the  function 
of  a  nerve  may  be  ascertained.  The  first  Lb  .wt-ion,  the  second  is 
stimulation. 

(.ion  consists  in  cutting  the  nerve  and  observing  the  loss  of 
function  that  ensues.  Thus,  if  a  motor  nerve  is  cut,  motion  of  the 
muscles  it  supplies  can  no  longer  be  produced  by  activity  of  the 
nerve-centre;  the  muscle  is  paralysed.  Tf  a  sensory  nerve  is  cut, 
OfUlt  is  loss  of  sensation  in  llit:  part  it  conies  from. 
•nttlation  of  (lie  cut  mi  vo  is  the  opposite  experiment.  When 
a  nerve  is  cut  across,  one  pieco  of  it  is  still  connected  with  the  brain 
or  spinal  cord;  this  is  called  the  central  end  ;  the  (it  her  piece,  called 
the  peripheral  end,  is  still  connected  with  some  peripheral  part  of 
the  body.  Both  the  central  and  the  peripheral  end  should  be  stimu- 
lated ;  this  is  usually  done  by  means  of  induction  shocks.  In  the 
case  of  a  motor  nerve,  BtJanuatlOB  <>f  the  central  end  produces  no 
result;  stimulat.ion  ol  the  peripheral  end  produces  a  nervous  impulse 
which  excites  iho  muscles  to  contract.  In  the  case  of  a  sensory 
nerve,  stimulation  of  the  peripheral  end  has  no  result,  but  stimula- 
inni  nf  the  central  end  causes  a  sensation,  usually  a  painful  one,  and 
reflex  actions,  which  are  the  result  of  the  sensation. 

When  a  nerve  is  cut  across,  there  are  other  results  than  the  loss 
of  function  just  mentioned;  for  even  though  the  nerve  is  still  left 
within  the  body  with  a  normal  supply  of  blood,  it  becomes  less  and 
Ibsb  irritable,  till  at  last  it  ceases  to  respond  to  stimuli  altogether. 
This  diminution  of  excitability  starts  from  the  point  of  section  and 
travels  to  the  periphery,  but  is  temporarily  preceded  by  a-wave  of 
increased  excitability  travelling  in  the  same  direction  (Ritter-Valli 
law). 

This  loss  of  excitability  of  nerve  is  accompanied  with  degenera- 
tive changes  which  are  of  bo  great  importance  as  to  demand  a  separate 
section. 

Degeneration  of  Nerve. 

Suppose  a  nerve  is  cut  right  across,  the  piece  of  the  nerve  left  in 
connection  with  the  brain  or  spinal  cord  remains  healthy  both  in 
structure  and  functions ;  but  the  peripheral  piece  of  the  nerve  loses 
its  functions  and  undergoes  what  is  generally  called,  after  the  dis- 
coverer of  the  process,  Wallerian  degeneration.  A  nerve  is  made  up 
of  nerve-fibres,  and  each  nerve-fibre  is  essentially  a  branch  of  a  nerve- 
coll  ;  when  the  nerve  is  cut,  the  axis  cylinders  in  the  peripheral 
portion  aro  separated  from  the  cells  of  which  they  are  branches  and 
from  which  they  have  grown.     These  separated  portions  of  the  axis 


cylinders  die,  and  the  medullary  sheath  of  oach  undergoes  a  gradual 
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process  of  disintegration  into  droplets  of  myelin,  which  are  ultimately 
absorbed  and  removed  by  the  lymphatics.  At  the  same  time  there  is 
a  multiplication  of  the  nuclei  of  the  primitive  sheath.  This  degenera- 
tive process  is  evident,  two  or  three  days  after  the  section  has  been 
made.  In  the  case  of  the  non-raodullatcd  fibres,  there  is  no  medullary 
sheath  to  exhibit  the  disintegrative  changes  just  alluded  to;  and  t!i 


f 
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1  :       ial.  —  Uewix-ratlou  Mid  rrti' notation  of  Mrve-nbrM.     a,  nervr-llbre,  Iifty  hour*  afU>r  operation. 
■».  medullary  nhcalu.  breaking  up  v,  itr»nul»i  im  replacl**  myelin, 

rlaui.    ff,  priwlllra  •litmlh.    a,  nciYa-flbr*  after  mi  UM    cj.  xxin  cylinder  partly  broken 
u[.  and  anelOMd  in  portion*  of  myelin,     c,  m  taon  advanced  »ta£-  mrd  ciliary  •heath 

baa  almoat  disappeared.      >'umrrou«  uncW,  n",  are  Men.     u,  cuinnjeiiclng  regeneration  ;    aeveral 
Bbna(l',i")  have  aproatod  from  tho  somewhat  bulboui  cut  end  (fi)of  Uki  n.    a,  anaxit 

cylinder  Milcli  baa  not  yet  acquired  1U  medullary  «hrath.      ,,  t\  primitive  aheath  of  the  original 

nW  (fun 

nuclei  of  the  sheath  do  not  multiply;  there  is  simply  death  of  tin- 
axis  cylinder.  Tho  degeneration  uccurs  simultaneously  UiXOlaghoil* 
the  whole  extent  of  the  nerve;  it  does  not  stArt  from  the  sect  in  ml 
travel  to  the  periphery.  Rauvier's  original  diagram  is  reproduced  in 
fig.  181.  Figs.  182  and  183  are  photo-micrographs  from  actual 
specimens. 

A  great  amount  of  attention  has  been  directed  to  this  process  of 
degeneration,  because  it  has  formed  a  valuable  method  of  research  in 
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tracing  nervous  tracts,  and  ascertaining  the  nerve-cells  from  which 
they  originate.  It  must  not,  however,  be  regarded  as  an  isolated 
phenomenon  in  physiology;  it  is  only  »u  illustration  of  the  universal 


Pio.  l«t.— \vrv»abrM  from  »cUtlc  ner»o  of  art,  four  day*  »ft«  ih»n«rv«  bad  bt+n  cut.    Tuii  -; 
early  «ug«  of  Uw  dagtaentlvo  jooon*.    000  dtamntrn.    (Mult  and  HulIiUirtvD.) 

truth  that  any  portion  of  a  cell  (in  this  case  tin:  axis  cylinder  pp 
i  in  off  i'i "in  tho  nucleus  of  the  cell  dogoncratcH  ami  dies. 

If  a  nerve  is  simply  cut,  and  allow  I   k)  heal,  regeneration  of 
luiiftuiu  in  time  occurs.     This  is  hastened  by  the  surgeon  sun 
the  en  T  tin-  nnrvo  togother.     It  must  not,  however,  be  supposed 

that  this  is  due  to  a  re  >u  of  the  structure  of  the  fibres  in  the 

peripheral  portion  of  tho  cut  nerve.     It  is  due  to  very  fine  new 
-fibres  sprouting  out  from  the  central  end  of  the  cut  nerve,  and 
growing  distalwards.     This  is  illustrated  in  D,  fig.   181.      When 


i  <9.— The**  iiv  nbnw  fnini  tlw  nciatlc  nnrve  i>C  uioLhct  cat,  ten  day  a  lifter  tin-  u«rve  bad  Uvu  ODt. 
ThU  ahuw«  tli«  tir-aWluK-u])  of  tit—  madullary  »h«*th  in  a  marked  way.  and  tbe  Interne  black  colour 
Utf  myelin  drojileta  Ukt  with  oandc  acid.     800  dl»nict«r».    (Mytt  and  Hallibu 

regeneration  docs  not  take  place,  the  central  ends  of  the  cut  fibres 
Bad  the  colls  from  which  they  originate  undergo  slow  atrophic 
ehanget  (disuM  a&rop) 

The  rieu  expressed  by  the  earlier  workers  on  nerve  regeneration 
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that  the  new  fibres  grow  from  the  central  stump  of  the  cut  nerves 
has  been  recently  i|iio8- 
tioned.  Some  believe  that 
regeneration  may  occur  in 
the  peripheral  strui 
It  certainly  is  the  case  that 
the  neurilemma  1  cells  ex- 
hibit a  great  deal  of  acti  \  1 1.\ 

multiply  (fig,  L84)j  at 
a  later  si.  ibit    « 

phagocytic  action  in  the 
removal  of  the  degenerated 
fat  (fig.  185);  and  later  still 
they  become  elongated  and 
spindle-shaped ;    they    then 

i"L<-lli<'r     M     though 
forming  the  basis 
of  newncM  :  186). 

But     tin',     elongating     and 
apparently  coi 
aro  probably  onlv  tanning 
a  nev.  Ifl  into 

wliidi    the    axis    cylinder 
ultimately  grows.     Howell  .ind  Huber,  who  have  recently  investi- 
gated tins  qua  tioD,  hava  arrival  ;it   the  conclusion  that  Llic   p 


no.  184. -Singh  Db»  ftvtn  •   J^nirH 

rl»y»  »fur  the  Barre  w  cat,  ataJaa 

fl  ef  ■  n«ir.l. 
dlunelen.    (Mollinil  Halliburton.) 
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exclusively  central  origin.     This  view  I  thoroughly  endorse.     M 
ind  I  have  also  shown  thai  ;ho  regenerated  fibres  are  again 

jut,  degeneration  takes  place  in  tin?  peripheral  direction  only,  and 
this  is  a  strong  piece  of  evidence  that  growth  had  not  started  fi 
the  periphery  oentralwanls,  tot  the  direction  of  nutn  ami   in 

always  the  direction  Of  growth 

The  manifest  activity  of  the  neurilenimal  oellfl  k  probftbly  largely 
nutritive  rather  than  formative,  l.in,  U  nevertheless  of  great  impor- 
tance, for,  in  situations  like  the  central  nervous  system,  where  the. 
neurilemma  does  not  exist,  regeneration  does  not  occur. 

Functions  of  the  Roots  of  the  Spinal  Nerves. 

The  general  truths  enunciated  in  the  two  preceding  sections  aro 
well  illustrated  by  the  experiments  made  to  determine  the  functions 

i if  the  roots  of  the  spinal 
nerves.  Each  spinal  nerve 
mites  from  the  spinal 
<  i  I  by  two  roots.  One  of 
these  is  ml  led  the  anterior  or 
ventral  root :  it  consists  of 
nerve-fibrea  which  originate 
the  large  mnHipota 
cells  in  that  portion  of  the 
groy  matter  in  the  into] 
of  the  spinal  cord  which  we 
shall  presently  learn  to  call 
the  anterior  horn.  These 
nerve-fibres  are  all  medul- 
lated ;  the  large  ones  join 
up  with  the  posterior  root 
to  form  the  spinal  nerve; 
the  small  norve-fihres  leave 
the  loot  and  pass  to  the  sj'm- 
pathetic  chain,  which  KM  D 
distributes  non  -  medullated 
fibres  to  the  involuntary  muscular  fibres  of  the  blood-vessels  and 
viscera. 

The  other  root,  the  posterior  or  ilorsal  root,  has  upon  it  a  collection 
of  nerve-cells  forming  the  spinal  ganglion.  Each  nerve-cell  is 
enclosed  within  a  nucleated  sheath  of  connective  tissue  origin,  and 
it  is  from  these  nerve-cells  that  the  fibres  of  the  posterior  roots 
grow.  In  I  he  embryo,  each  nerve-cell  has  two  processes  (fig.  187), 
one  of  which  grows  to  the  spinal  cord,  where  it  terminates  by 
around  the  multipolar  cells  of  the  grey  matter;  the  other 


.  187.— a,  HI]Ol»r  coll  fr..in  MM]  cungllon  of  a  41 
<#tek*  emliryu.     »,  n  moat  Indli 

n  iii  wiili-1,  th-  nam    procMe*  tgnw,  dm  to 

tlio  •piuftl  curd.  tJio  oilier  to    t  lio    periptter) 

coll  from  tlis  »i>iual  j«"Klii>ii  of  the  mdull;  the  WO 

firoce«»«n  hmvt  mtlMeod  tu  form  a  T.»li»ped  Janet  Ion. 
I  ■ 
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process  grows  outwards  to  tho  periphery.  In  tho  adult  mammal 
(not  in  fishes)  the  two  processes  coalesce  in  the  first  part,  of  their 
course,  farming  a  T-shaped  junction. 

The  first  experiments  on  the  functions  of  tin;  spinal  nerve-roots 
were  performed  is  this  country  1,v  ^'v  Gbaries  Belt  (1811),  ami  in 
France  by  Magendie  (1822).  These  observers  foiim  I  Mil 
nf  the  anterior  roots  tliere  rosuli.nl  paralysis  of  tlie  mnseleB  supplied 
by  the  nerves;  on  section  of  the  postanal  roots  then  was  loss  of 
sensation.  These  experiments  clearly  pointed  t<>  the  eoiielusion  that 
the  anterior  roots  contain  the  efferent  (motor)  fibres;  and  the 
posterior  roots  the  afferent  (sensory)  fibres.  This  conclusion  was 
confirmed  by  the  experiment  of  stimulation.  Stimulation  of  the 
peripheral  end  of  the  cut  anterior  root  caused  muscular  movement . 
of  tho  central  end,  no  effect.  Stimulation  of  the  central  end  of  the 
<--nt  posterior  root  caused  pain 
reflex  movements;  of  the  peripheral 
end,  no  effect 

Recurrent  sensibility. — Ono  of  the 
statements  just  made  requires  a  slight 
modification ;  namely,  excitation  of 
the  peripheral  end  of  a  divided  an- 
terior root  will  evoke  pain  and  reflex 
movements,  as  well  as  direct  n 
meiits;  that  is  to  say,  tho  anterior 
root,  though  composed  mainly  of 
motor  fibres,  contains  a  few  sensory 
fibres  coming  probably  from  the  mem- 
branes of  the  spinal  cord,  and  then 
running  into  the  posterior  root  with 
the  rest  of  the  sensory  fibres.  They  of  ton,  however,  run  down  the 
mixed  nerve  a  considerable  distance  before  returning  to  the  posterior 
roots 

The  diagram  on  this  page  (fig.  188)  illustrates  the  course  of  one  of 
these  recurrent  fibres  (r);  the  arrows  represent  the  direction  in  which 
it  conveys  impulses. 

Degeneration  of  roots. — Tho  facte  in  connection  with  this  subject 
were  made  out  by  Waller  (1850),  and  may  be  best  understood  by 
referring  to  the  next  diagram  (fig.  189). 

A  represents  a  section  of  the  mixed  nerve  beyond  tin-  onion 
the  roots;  the  whole  nerve  beyond  the  -,<•  lion  dV^eneratoB,  and  is 
shaded  black. 

B  represents  the  result  of  section  of  the  anterior  root ;  only  the 
anterior  rool  ate;  the  sonsory  fibres  of  the  posterior 

root  remain  intact.     The  small  molullatcd  norvc-fibres  (not  shown  in 
the   diagram)  also  degenorato  as  far  as  the  ganglion  cells  of   tho 


"S* 


"  Roet 


Spliwi  Menu 

;  ti.  — Dtami.  .1...  recurrent 

MBtlbUSgr. 


170 


PHYSIOLOGY   OP  NERVE 


[CH.  XV. 


Ro.  l».-Di»Ki*iii  to  IlluairaU  WalUrlaa  d«M»> 
ration  of  riorvr-roola. 


ystem  with  which  they  communicate.     The  recurrent 
sensory  fibres  in  this  root  do  not 
degenerate  with  the  others, 
are  found   degenerated   in  the 
pan  10    anterior    root    at- 

tached to  the  spinal  cord. 

Section  of  the  posterior  root 
always  produces  the  samo  phy- 
siological effect  (loss  of  sensa- 
tion) •  wherever  the  section  is 
made,  but  the  degeneration  effect 
liferent  according  as  the  sec- 
tion is  made  on  the  proximal  or 
distal  side  of  tho  ganglion.  If 
the  section  is  made  beyond  tho 
ganglion,  tho  degeneration  occurs 
as  shown  in  0  beyond  the  sec- 
tion in  the  peripheral  porti"; 

tho  posterior  root-fibres;  the  anterior  root  remains  intact  except  for 

ilm  rocurront  sonsory  SbrOG  which  it  con- 
tains.     If    tin  hi    is    made    as    in    D, 

between  the  ganglion  and  the  acid,  the  only 

piece  that  degenerates  is  the  piece  severed 

from   the   ganglion   and   running  int. 

cord;  these  Bbtei  nay  be  traced  up  in  the 
lior  column  of  tho  spinal  cord  until 

they  terminate  in  groy  matter,  which  the} 

do   at   different,    levels.     The  whole   of    tho 

sensory  fibres  including  the  rocurront  ones 

which    are   still    attached   to   the   ganglion 

remain  histologically  healthy. 

The  accompanying  figure  (fig,  190)  is  one 

of    tho    original    illustrations    made    by    I)r 

Wallor,  and  I  am  indebted  to  the  present 

T.)r  Waller  for  permission  to  reproduce  it. 
Those    facts    nf    degeneration    touch    us, 

wlvat  we  also  learn  from  the  study  of  em- 
bryology, that  the  nerve-fibres  of  the  an- 
terior root  are  connected  to  the  nerve-cells 

within  the  spinal  cord,  while  the  po 

f0  i -lil.tros  are  connected  to  the  cells  of  the 

spinal   ganglia;  or,  to  put  it  another  way,  the  trophic  centres  which 


Vi'..  IM,  QtoUM  of  nUrtM  from 
lli»  anunor  an!  i<*t*rtor 
root*  c vcral  lUjr*  afur  mc- 
II,  ,n  nf  tntia  kijU  clow  to  tho 
cord;  Um  auUiwr  Obr-s  an 
dccmaniod :   Mto  pottorior, 

iii«  Dorr»ealli   from  »ukh 
they  grew,  are  normal. 


*  In  order  to  obtain  any  appreciable  loss  of  motion  or  sensation,  it  If  neressary 
to  divide  several  roots  (anterior  or  posterior  as  the  case  mny  be)  as  there  is  a  good 
deal  of  overlapping  in  tlic  peripheral  distribution  of  the  fibres. 
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t.rol  the  nutrition  <>f  tho  mnvo-fibrea  are  situated  within  tho  cord 
too  tin-  anterioi  roots,  and  within  the  spinal  ganglia  i  -isterior 

roots. 

Changes  in  a  Nerve  during  Activity. 

When  a  nerve  is  stimulated,  the  change  produced  in  it  is  called  a 
nervous  impulse;  this  change  travels  along  the  nerve,  and  the  pro- 
pagation of  some  change  is  evident  from  the  effects  which  follow: 
tiuit,  movement*  secretion,  etc. ;  but  in  the  nerve  itself  very  little 

0  can  be  detected.  There  i8  no  change  in  form  ;  the  meet  deli 
cate  tin!  i  in  piles  have  failed  to  detect  any  production  of  heat,  and 
we  are  al«'i  iu'imutnt  mi"  jiny  chemical  changes.  The  only  altoi 
which  can  be  detected  as  evidence  of  this  molecular  change  in  a  nerve 
is  the  electrical  one.  Healthy  nerve  is  iso-electric,  but  dining  the 
passage  of  a  nervous  impulse  along  it  there  is  a  very  rapid  diphasic 
variation,  which  travels  at  the  same  rate  as  tho  nervous  impulse. 
This  is  similar  to  tho  diphasic  chango  in  muscle,  which  we  have 
already  studied,  and  can  be  detoctod  in  the  same  way. 

Waft  at  of  amr  occttabft    Imoc  m  an  Index  of  the 

magnitude  of  tu-tion,  and  records  tin-  movement  of  the  galvanometer  by  photograph- 

ing  the  excursion  of  the  Bpol  of  tight  on  a  moving  photographic  plate.      Bt  Hfl  In 

•rds  troin  muscle,  nerve,  retina,  skin,  plant  tissues,  etc.     Ik- 

points  out  that  the  only  available  index   of  action    within   the  in  rvi    itsell    is    the 

d  sign  of  Activity,  whereas  in  muscle  the  mechanical  action  can  be  compared 

with  its  accompanying  electiicil  changaaj.      The  amount  of  contraction  in  a  miucU 

caused  by  e\<it.  nerve  Is  only  a  very  rough,  or  ev«  n  ■  fallacious.  India* 

I  I  he  CSI  itatality  •  •/  tht  h>rrr,  bci'BU.sC  DM  nerve  is  .  oimci  ted  to  the  hhim  l<    l>\ 

BlOtOr  <  rul  plate-.,  and  these,  as  we  have  already  seen,  an-  fatigued  long  be  I  ore  the 

nerve  shows  any  sign  of  fatigue. 

I  sing  this  method,  Waller  lias  obtained  a  number  of  interesting  results  on  the 
■  nerve  action  produced   hy  drugs  mid  other  agents.      He  linds  that   the 

1  i  irbooic add  is  to  cause  a  diiiuiiutiofi.  and  finally  disappearance  tA  tin 
garranuiuetric  response i  vben  this  gas  ii  replaced  by  air  the  n  Mn>«aiidthe 

action-currents  iDCTCaSe  Ethel  |CU  similarly  i  but  with  chloroform  recovery  is 
difficult  to  obtain.  Small  doses  of  carbonic  arid  increase;  the  action-currents,  and 
Waller  eonalden  i  hi  i  the  talrcaae  rJS  etin  nnucle  (p.  li").  and  the  similar  progrm- 
-ivc  in.  tease  noted  in  the  action-currenta  of  nerve  is  the  result  of  repeated  st* 

tion  are  due  to  tin-  evolution  of  this  gas  during  activity. 

Thb  hyp  is  been  recently  confirmed  by 'some  experiment  |  of  lieyer 

and  FVflhlk  -h.  I'hcy  have  shown  that  peripheral  nerves  participate  in  respiratory 
exchan  up  OSjn  D  and  producing  carbonic  acid  m  measurable  amounts. 

.  can  be  no  doubt  thai  the  ezisteooi  ofth«   electrical  variation  b)  as  a  role 

tin-  Index  of  the  excJtatorj  alteration  in  a  UQire,      In  the  isolated  nerve  it  is  in  In  t 

the  only  change  thai  can  be  detected.  But  In  the  present  ibrte  of  our  knowtedg* 
anj  are  not  justified  in  assuming  thai  It  gives  u  absolutel}  faithful  re 

i    d  Id  a  nerve  tor  many  days  after  its  removal  from 

the  body.    Although  the  uange  is  a  conconittant  of  the  real  ead 

process,  the  former  may   be   therefore    petCOPMbhl    when    oilier    evidence    of  the 

:  CC   of  the   lattei  Moreover,  Gotch   and    Hnrrli    have  obtained   further 

the  dissociation  of  the  electrical  response  from  tfai  >ry  process. 

In  the  frog's  aciatfc    nerve,  it  i-  possible  with  two  stimuli  in  rapid    uco  a£oa  to 

lectrfc  al  response  near  the  seat  t  Ion  which  has  been  i 

while  two  such  rasp  ur  in  a  more  |>eriphend  warmer  region. 
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ICrritnh'tlitii  ami  n,nilurtiritv.—\l  Is  necessary  to  distinguish  lictwcen  these  two 

Firopertics  of  nerve.     Ch.m  ubility.  una  in  the  power  of  conducting  nerve 

i)  not  nmvi;iril\  l"»  together,  us  sli.iwn  m  the  following,  experiment.-— 


The  nerve  of  u  tajg'a  teg  It  Ifld  through  a  gUus  tube,  the  ends  of  v 
with  liny,  ■••ire  l«  -ing  tnki  n  th  ■]  -ed.     The  tube  is  provided 

with  .in  mlet  .mil  outlet,  so  that  gases  tnajr  be  passed  through  it.     Two  pain.  <>i 
electrodes  are  arranged,  .so  that  the  nerve  can  be  stimulated  either  within  or  outside 
Lie  gas  chamber      It  carbon  dioxide  or  ether  vapour  is  patted  through  the 


tube,   bora    excitability   and    conductivity  are    in    time   abolished,   but  excitability 

appears 
inside  the  tube,  the  iiiur.de  does,  not  respond,  but  on  .stimulating  the  nerve  nt  the 


disappears  first 


Ubllitv 
;  at  Ih 


in,  If  tin-  nerve  is  stiruuluted  by  •"in  induction  -lioik 


end  distant  from  the  inn  Kit  mil  outside  the  tube,  the  rnii'-cle  contmcts.  The  nerve, 
then  fore,  is  nut  ■  «  iUble,  though  it  will  conduct  impulses.  At  i  later  *(;ige  ishocks 
•■.tered  by  either  puit  of  electrodes  provoke  no  '-out  met  ion,  When  the 
poisonous  vapour  is  replaced  by  air.  the  nerve  recovers,  and  conductivity  return' 
before  excitability.  If  tlcohol  vapour  is  used  conductivity  is  stated  to  vanish  before 
excitability. 

Gotch  has  shown  that  cold  applied  to  a  nerve  acts  very  much  like  carbonic 
acid.      Intense  cold  will  cause  disappearance  of  both  excitability  ami  conductivity  ; 
but  Cold  of  such  a  degree  which  abolishes  the  excitability  of  the  nerve  to  tad' 
shocks,  increases  its  excitability  to  the  constant  current,  and  also  to  mechanical  and 
thermal  stimuli. 

Velocity  of  a  Nerve  Impulse. 

A  nervous  impulse  is  not  electricity  ;  compared  to  that  of  electri- 
city its  rate  of  propagation  is  extremely  slow.  Tl  baa  l>een  measured 
in  motor  nerves  as  follows:  a  inusde-narve  preparation  U  made  with 
aa  long  a  nerve  as  possible;  the  nerve  is  stimulated  first  as  near  to 
the  muscle,  and  then  as  far  from  the  muscle,  as  possible.  The 
moment  of  stimulation  and  the  moment  of  commencing  contraction  is 
measured  by  taking  muscle  tracings  on  a  rapidly  moving  surface  in  the 
usual  way,  with  a  time-tracing  beneath.  The  contraction  ensues  later, 
when  the  nerve  is  stimulated  at  a  distance  from  the  muscle,  than  in 
the  other  case,  ami  the  difference  in  the  two  cases  gives  the  time 
occupied  in  the  passage  of  the  impulse  along  the  piece  of  nerve,  the 
length  of  which  can  be  easily  measured. 

A  similar  experiment  can  be  performed  on  man  by  means  of  the 
transmission  myograph  (see  p.  122).  If  a  tracing  of  the  contraction 
mi'  the  thumb  muscles  is  taken,  the  two  stimuli  may  be  successively 
applied  through  the  moistened  skin,  first  at  the  brachial  plexus  below 
the  clavicle;  and  secondly,  at  the  median  nerve  at  the  l»end  of 
the  elbow. 

Another  method,  largely  employed  by  Bernstein,  is  to  take  the 
-•lei irical  change  as  the  indication  of  the  impulse.  The  rheotome  is 
the  instrument  used.  If  fig.  109  (p.  139)  is  referred  to,  and  a  long 
nerve  substituted  for  the  muscle-nerve  preparation,  the  stimulus  is 
applied  at  one  end,  and  the  change  in  the  electrical  condition  of  the 
nerve  is  recorded  by  the  galvanometer,  which  is  connected  to  the 
other  end  of  the  nerve.  The  time  measurement  is  effected  by  the 
adjustment  of  the  rheotome,  which  must  be  such  as  to  tap  off  the 
electrical  change  at  the  moment  it  occurs. 
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The  rato  of  the  traosmiaau  D  "l  Dm/vottfl  impulses  discovered  by 
these  methods  is,  in  a  frog's  motor,  oerre,  28  to  30  metres  a  second; 
in  human  motor  nerves,  33  metres  a  second;  in  sensory  nerves.  30 
to  33  metres  a  second. 


Direction  of  a  Nerve  Impulse. 

Nerve  impulses  arc  <1  annually  in  inly  one  direction:  in 

efferent  nerves  from,  in  afferent  nerves  to,  the  nerve-centres.  But 
there  are  some  experiments  which  point  to  the  conduction  occurring 
under  certain  circumstances  in  both  directions. 

Thus,  in  tin;  rheotome  experiment  just  d  the  nerve  is 

stimulated  in  the  middle  instead  of  at  one  end, 
the  electrical  change  (the  evidence  of  an  im- 
pulse) is  found  to  bo  conducted  towards  both 
ends  of  the  nerve. 

Kiihne's  gracilis  experiment  proves  the  same 
'Jin;  gnusQifl   muscle  of  the  frog  (fig. 
191)  is  in  two  poi  with    a  Umdinuiis  in- 

tersection, and    supplied    by   nerve-fibres    thai 
branch   into   two   Dandles;    excitation   strictly 
limited  to  one  of  these  bundles,  after  dh 
of  the  tendinous  intersection,  causes  both  por- 
tions of  tin-  Bnualfl  to  contract. 

Another  striking  experiment,    of    the   same 
kind    can    be    performed   ''Villi    tin."    nerve  that 
supplies  the  electrical  oxgall  of  Malapterurus. 
This  nerve  consists  of  a  single  axifl  oylindex  and  its  branches;  stimu- 
hition  of  its  po  iir  end  causes  the  "  discharge  "  of  the  electrical 

organ,  although  the  nervous  impulse  normally  travels  in  the  opposite 
direction. 

Crossing  of  NerveB. 

Some  experiments  designed  to  prove  the  possibility  of  nervous 
conduction  in  both  directions  were  performed  many  years  ago  by 
Paul  Bert.  He  grafted  the  tip  of  a  rat's  tail  either  to  the  back  of 
the  same  rat,  or  to  the  nose  of  another.  When  union  had  been 
effected,  the  tail  was  amputated  near  its  base.  After  a  time,  irritation 
<>f  the  ond  of  the  trunk-like  appenda;  ■•  on  the  back  or  nose  of  the 
rat  gave  rise  to  sensation.     The  impel  passed  from  base  to 

tip,  instead  of  from  tip  to  base,  as  formerly.  Tliis  experiment  does 
not,  however,  prove  the  point  at  all ;  for  all  the  original  nerve-fibres 
in  the  tad  must  have  degenerated,  and  the  restoration  of  sensation 
was  due  to  new  fibres,  which  had  grown  into  the  tail.  Exactly  the 
same  objection  holds  to  another  series  of  experiments,  in  which  the 


n.-GnurilU  offing. 
(Aft<r  miter.) 
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motor  and  sensory  nerves  of  the  tongue  were  divided  arid    D 
crosswise.     Restoration  of  both  omvement  end  BensetioE 

but  is  >'••••;  w  nerve-fibres  growing  out  frotn  the  central  stumps 

of  the  cut  in  i 

Though  these  experiments  do  not  prove  what  they  were  in!.m:di-d 

tO,  thl  if   cuiisiiliTJiblr  in  to  rest,  in  theuisrh  U        1'ili    Keimrdv 

has  recently  carried  01  oarefu]  pieoeof  worl  00 

of  nerve  crossing.     Ee  out  in  a  1  Uh  tho  nerves  supplying 

Qezor  and  the  extensor  muscles,  and  sutured  th--m 
crosswise.  Uegeneration  of  structure  and  restoration  of  furi 
occurivl  equally  -|  uickly,  as  in  those  cases  in  which  the 
central  ends  bad  been  united  to  the  peripheral  ends  of  their  OWB 
proper  nerves.  On  examining  tlie  cortex  of  the  brail)  LD  those 
.uiini.ils  in  which  nerve-crossin;;  had  been  accomplished*  it  was 
found  that  stimulation  of  the  region  which  in  a  normal  animal  gave 
flexion,  now  gave  extension  of  the  limb,  and  vice  vend. 

A  series  of  equally  important  experiments  have  more  recently 
been  carried  out  by  L&ngley,  in  which  he  shows  that  the  same  facts 
arc  true  for  the  nerves  that  supply  involuntary  muscle.  These 
norve-fibres  will  under  certain  experimental  conditions  terminate  by 
arborising  around  other  nerve-cells  than  those  which  they  normally 
form  connections  (synapses)*  with.  It  will  he  sufficient  to  give  one 
typical  experiment.  If  the  vat-us  041  \<-  is  cut  across  in  the  neck,  its 
I  oral  end  degenerates  downwards;  ii  the  oervioal  sympathetic 
is  cut  across  below  the  snpedof  aervioai  ganglion,  its  penpl 
degenerates  upwards,  as  far  as  the  ganglion.  If  subsequently  the 
al  end  of  the  cut  vagus  is  united  to  the  peripheral  end  of  the 
cut  sympathetic,  in  the  course  "I  some  weeks  the  vagus  Bores  grow 
into  the  sympathetic  and  form  synapses  around  the  cells  of  the 
sujiiM'ior  eervic  lion  and  stimulation  of  the  onited  nerve  now 

pmduces  such  effects  as  are  usually  obtained  whan  ibe  cervical 
sympathetic  is  irritated  ,  fur  instance,  dilatation  of  the  pupil,  raising 
of  the  upper  eyelid,  and  constriction  of  blood-vessels  of  the  head  and 
neck.     (See  accompanying  diagram,  fig.  192). 

Such  experiment!  as  these  are  important  because  they  teach  us 

that  though  the  action  of  nerves  may  be  so  different  in  different 
cases  (some  being  motor,  n  dm  inhibitory,  some  seen.1:  Lory,  some 
iiy,  etc.),  after  all  what  OCCUR  ID  me  nerve  trunk  itself  is 
always  the  same;  the  difference  of  action  is  due  to  difference  either 
in  the  origin  or  distrihutioo  ol  the  Qerve-fihres,  U  we  remember 
the  familiar  illustration  in  which  nerve  trunks  are  compared  to 
telegraph  wires,  we  may  be  helped  in  realising  this.  The  destina- 
tion of  a  certain  group  of  telegraph  wires  may  be  altered,  and  the 

*  The  meaning  of  the  term 
(P-   198). 


'synapse"  is   fully  explained   in  Chapter  XVII. 
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alteration  may  pvod&M  different  consequences  at  different  pi 

the  electric  change,  howevor,  in  tho  wires  would  he  the  same  in  all 
cases.     So  tin-  impulse  going  along  a  nerve  is  always  the  same 

sort  of  molecular  disturbance;  if  it  is  made  as  in  the  ezperimeot 
just  described,  to  go  by  a  wrong  channel,  it  produces  just  the  same 

A  B  C 


Superior  f    \ 

ill       1 

Gary  linn  V/ 


6 


<? 


s 


fut,  1M.    THagnai  to  !iiu«trmto  ]jinni(iy'»  n»r--:.  u  ud  wnW  qnaBtUMMc  imiim.     1" 

In  two  Darvos  ar»  thi  b«  impul«<t  thor  oorm»llv  carry  !•  ahown  by 

arrow*,  ami  thnnamr*  of  aomnnr  thn  j.a.-t  .  In  I)    loth  iiorTW  am  rnl 

.;|J.    Tli«  ii*\cni"i  i   ar*   rpprwtntoil   bjr   illscuiitiauvu*  Ham.     In   C,   tl" 

rlMCXil  \t  h*«  b»»n  *i-i'orn|i!|.|)ivl.  tii'l  *Umulaili<n  at  th*  point  <i  nuw  produce* Ui«i  name 

mulU  »•  i:  t*-l  hit-,  !•■  a  ion  at  n. 

results  as  though  the  impulse  bad  reached  its  destinati"ii    by  the 
nana!  channel 

Chemistry  of  Nervous  Tissues. 

Tin-  folk]  m.ikM  -,  o:  tin  Milnls  of  nervous tissue*, 

but  than  lis  in  -   ibo  contain  a  large  amount   of  water;  tfall  is  present  in  larger 
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bt cent)  In grey matter  than  in  white  matter  (70  per  nent)i  in  early 
than  in  adult  life ;  in  the  brain  than  in  the  spinal  cord  ;  in  the  spinal  cord  than  in 
nerves. 

One  should  next  note  the  high  percentage  of  protcid.     In  grey  matter,  where 
iii<  celli  are  pranunenl  .  tins  i>  most  marked,  and  of  the  aolidaa  protsod 

natarial  hen  eomprisefl  more  thnn  half  ad  the  total.  The  following  are  sunn-  of  my 
analyses  which  give  the  mean  of  a  unnbef  of  observations  on  the  nervous  tissues 
of  human  beings,  monkeyi .  dugs,  and  cats  t 
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20 

The  most  abundant  proteid  Is  aaetVp«jwiif<aJ  .•  there  is  also  ■  certain  amount  m 
plol'ulin,  which,  like  tin-  :  ioogen  of  num-lc,  is  coagulated  by  b<  U  al  the  low 

im  i.iintr  of  IT*  C  A  certain  small  araooul  of  neurokeratin  (imperially  abundant 
in  white  matter)  Is  included  in  the  above  table  wKh  H"'  protelda.  The  granules  in 
nerve-  cells  (Nissl's  bodies!,  winch  stain  i->-.uiil>  u  itli  methylene  Una,  arc  Dodeo- 
proteid  in  nature.    The  nead  must  abundant  substances  are  of  a  fairy  natural  the 

t  prominent  Of  the  phoaphottsed  fat  called   Urifhin.     In  thr-  nervous 

HasOM  some  of  the  lecithin  is  combined  with  oarebrin  to  furm  a  complex  substance 
called  jmtafion,  which  crystallises  onl  an  coolings  hot  alcoholic  extract  of  brain  or 
other  neriuiis  ttrUOturei  ia  is  a  term  winch  probablyincludessever.il  anV 

stances,  which  are  ttltoOgenOUS  B^ncOSideS  :  they  \  rietd  mi  hydrolysis  the  sugar  called 

galactose.    They  are  sometimes  called  crrcbrosides     Kiphaltm  hi  another  phoe- 

I'lmri.sed  fat  which  in  present.  Tin-  BJlt  allinc  inonatomic  alcohol  ehotttttrJH  \i  "Iso 
a  fairly  abundant  constituent  of  nervous  slrurliires.  espei  lallj  ofthe  white  SubstBXU  B 

of  Schwann.  Finally,  there  ate  ■mallei  quantities  ofi other  extractives  and  a  small 
proportion  of  niineral  salts  (about  i  percent  of  the  solids} 

[n  connection  with  tbs  sabstances  just  enumerated*  U  la  necessary  to  enter  a 
Utile  more  fully  into  the  Composition  Of  lectthbL  An  ordinary  fat  contains  the 
elements  carbon,  hydrogen,  and  oxygen,  and  when  it  bakes  up  water  it  is  split  or 
hydrolyscd  Into  its  constituent  parts,  glycerin  and  fatty  acid. 

Fat  -  water. 


Glycerin. 


Fatt>  add. 


Lecithin  (C.-H^NPO,,)  contains  not  only  CBrbOB,  hydrogen,  and  oxygen,  but 
nitrogen  and  phosphorus  as  well.  When  it  Isbydl  >l  >1.  it  yields  not  only  glycerin 
and  a  tally  acid,  but  also  phosphoric  acid,  and  a  nitrogenous  bUC  termed  elioiinc 


Lecithin  +  water. 

I 


Glycerin. 


Patty  acid. 


Phosphoric  acid. 


Choline. 
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Fresh  nervous  tissues  are  alkaline,  hut.  like  must   other  living-  structures, 

turn  acid  tftn  death.    The  change  is  partjcul  pld  In  grej  matter.     I 

acidity   is,  due  to  lactic  acid. 

I.itii.  in  Doddng  is  known  of  the  chemical  change*  neetoui  i'  deno 

during  activity.  We  know  that  oxygen  is  very  essential,  especially  for  the  activity 
ofgrej  matter<  cerebral  anaemia  is  raptdlj  roUowcd  nw 

death.      Wr    have    already    seen    that    similar    respiratory   exchanges,    though 
D  amount,  arc  stated   to  occur  in   peripheral   nerve-,     19a   p>    171). 

Oh  «m  in  try  of  nerve  degeneration.  —  Mult  and  I  have  .shown  that  in  the 
disease  General  Paralysis  of  the  Insane,  the  marked  degi  1  '  occn 

the  brain  i.s  ■ : <-i  11  j  1  j ■.  1 1 1 1  iii  by  the  punning  of  t lie  products  of  degeneration  late  the 
1  iliml.    < >»  thi-.i .  nncleo-proteid  ami  choline— a  oecoi  pro- 

duet  of  the  lecithin — are  tl which  can  be  meat  reedilj  detected.    I 

also  Ite  found  ill  the  blood.      Hut  this  i.s  not  peculiar  to  the  disease  just    mentioned, 
Other  de«<  ni  rative  nervous  discuses  |'«  innliilu  d  ■  el. 

•   ■ .  linn  ngitis,  alcoholic  neuritis,  beri-beri,  1  detach  d 

in  these  situations.     The  tests  employed   to  detect   choline  are  mainly  two:  (1)  n 

■  in si  t-  it,  Hani-  ly.  the  obi  nhiiu  w  'in    bai  u  b  rtetJc  yellow  01 1  Jx  dial  1  rystala 

of  the  platinum  don  rom  the  BaODbOalc  extract  of  the  cerebrospinal   fluid  or 

blood;"  (2)  a  physiological  teat,  namely,  the  lowering  of  arterial  blood  pressure 
(partly  cardial-  in  origin,  and  partly  due  to  dilatation  of  peripheral  vessels)  what  h  ■ 
saline  Botutloa  of  the  residue  of  UMaJcahoUo extract  praducBsi  tins  mil  la  abolished. 

I  -.■  of  arterial  pressure,  if  the  animal  has  been   poisoned  with 
atropine.     It  i.s  possible  that  such  tests  may  be  or  Ic  value  in  the  distinction 

betwi  1  1  ,  ill,  .I  functional  disease!  of  the  oenrotu  ffatem.    The 

1  bank  1 1  teal  1  sn  frequently  be  obtained  with  10  «.c.  of  blood,  or  even  I 

■\  similar  condition  can  be  produced  artificially  In  enhnala  by  a  dlrifkm  of 
large  nerve  trunks  -.  and  Join  which  tin  itivc 

process  is  at  its   bright  as  tested  histologically  b\  the  Marchi  reaction. t     A  scries 

its  an  taken,  both  Seattle  nn  A,  .mil  the  animals  subsequently  killiil 

at  toterrals  rarying  from  1  to  106  days.    The  nerve*  remain  practiculiy  normal  as 

long  as  they  remain  irritable,  that  is  up  b)  9  days  after  the  operation.      They  then 

show  a  progreariec  increase  In  the  percentage  of  water,  and  u  progr<  ssivc  decrease 

in  the  percentage  of  phosphorus  until  degeneration  is  compa  11  regeneration 

iK-curs,    the    nerv-    return    approximately    to    their    previous    chcinicd    condition. 

When  the  Kerchl  rem  dor  disappears  In  the  later  stages  of  decern  ration,  the  noo* 

phosphoriscd  fat  has  been  absorbed.  This  absorpl  km  01  ran  earlier  in  the  peripheral 
nerves  than  in  the  central  nervous  system 

Further,  it  has  been  found  that  in  spinal  cords  In  which  a  unilateral  degenera- 
tion of  the  pyramidal  tract  has  been  produced  by  11  lesion  in  the  opposite  hemi- 
sphere, there  is  a  similar  increase  of  water  and  diminution  of  phosphorus  on  the 
degenerated  side. 

The  following  bible  shows  these  main  results  in  the  experiments  on  cats  just 
described. 


*  Thifc  Usi  is  poifonued  a*  follow  1:  the  fluid  i.s  diluted  witli  about  live  Hoim  lu  volume  of 
alroboiaad  the  preolpiUt*l  tirotWds  ens  filtered  off.  The  Hint*  0  meliorated  to  dryneee  at  4T  C. 
■4x1  the  wWiw  dissolved  in  absolute  alcohol  ami  fllierwl  ;  lUo  liitratc  from  Ulie  ia  a^alu  evaporated  to 
drjroee*,  and  again  dissolved  in  absolute  alcohol,  and  this  should  be  apaln  rerreted.  To  Hie  linsj 
alcoholic  solution  an  alcoholic  solution  1  f  plain  Dm  objortda  la  added,  ami  the  prcipltat*  ao  funned  to 
alloWKltosrtllcar.il  washed  with  absolute  alcohol  by  deejntatlon  ;  Uie  prrc-ipltate  Is  lli-n  dissolved 
ia  IS-pet-cent.  alcohol,  rillered,  and  tba  DllraU  ia  allowed  to  slowly  evaporate  ia  a  watch-glass  at  «J  (' 
The  cr>»tals  can  thru  be  eeru  with  the  nncroaco|*.  Tln-y  aiw  recognised  not  only  by  tii'lr  yellow 
1  and  octah<sl ral  firm,  but  by  their  solubility  In  water  anil  ir*-p*r-«eiit.  alcohol,  but  also  bj 

ration  they  yield  SI  percent,  of  plat  ilium  and  glva  off  lb"  •.•lour  of  trioirtliylamu**. 

t  The  Marchl  r 
shows  *li*n,  after  I 


"■Mini  in";  iici«j  91  yn  wuv.  vi  pisunuui  sun  Ki'w  vu  m"  vwm  01  n  luiriiijmmiii.'. 

reaction  la  the  black  atalnlnir  tliet  the  medullary  ehrath  of  ilrci-nsrate.1  nene-nbrt* 
_-.  _.-,,,  —..v  being  hardened  in  |»ty  are  treaUd  with  March!-*  rsagent,  a  nn 

Of  Mailers  fluid  and  osicic  add.    Healthy  Dirvivttbr-e  are  not  afiectrtl  by  the  nuistnt,  but  normal 
adipose  lisaue  la  blaeketie.1  like  il<-nifraV«1  m\.  rule  arid  rractlon  ladue  tn  faU  like  Otoln. 

which  belong  to  the  acrylic  ear 
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Cat's  sciatic  nerves. 

1 

1 

1 

Percentage 

of 

photphorn* 

In  solids. 

Condition  of 
bloo-1. 

Condition  of 

nerve*. 

Normal  .... 
1  to  3  days  after  section 

4  to  6 

8 

10 

13 

25  to  27 
29 

44 
1 
100  to  106 

65-1 
64-5 

69-3 

68-2 
70-7 
71-3 

72-1 
72 -5 

72  -0 
66-2 

34-9 
35-5 

30*7 

31-8 
29-3 
28-7 

27-9 
27-5 

27-4 
8-8 

1-1 
0-9 

0-9 

0*5 

0-3 
0-2 

traces 
0 

0 
0-9 

|  Minimal  traces 
•    of  choline 
{  present 

(Choline    more 
\  abundant 

(Choline  abun- 
V  dant 

(Choline  much 
(  less. 

( Choline  almost 
\.  disappeared. 

(  Choline  almost 
I  disappeared. 

[  Nerves  irritable 

{  and  histologically 

(  healthy. 

( Irritability  lost ; 
degeneration 
beginning. 
Degeneration  well  j 
shown  by  Marchi 
reaction. 

[Marchi      reaction 
still      seen,      but 
absorption  of  de- 
generated fat  has 
set  in. 

[Absorption  of  fat1 
practically    com- 
plete. 

Return  of  function , 
nerves      regener- 
ated. 

i 

The  above  figures  relate  to  the  peripheral  portions  of  the  nerves.  Noll  has 
shown  that  the  phosphorised  material  protagon  also  diminishes  somewhat  in  the 
central  ends  of  cut  nerves  due  to  "  disuse  atrophy. " 

Heat  contraction  of  nerve. — A  nerve,  when  heated*,  shortens ;  this  shortening 
occurs  in  a  series  of  steps  which,  as  in  the  case  of  muscle,  take  place  at  the  coagula- 
tion temperatures  of  the  proteids  present.  The  first  step  in  the  shortening  occurs 
in  the  frog  at  about  40°,  in  the  mammal  at  about  47°,  and  in  the  bird  at  about  52°  C. 
The  nerve  is  killed  at  the  same  temperatures. 

Oerebro-splnal  fluid. — This  plays  the  part  of  the  lymph  of  the  central  nervous 
system,  but  differs  considerably  from  all  other  forms  of  lymph.  It  is  a  very  watery 
fluid,  containing,  besides  some  inorganic  salts  similar  to  those  of  the  blood,  a  trace 
of  proteid  matter  (globulin)  and  a  small  amount  of  sugar.  It  contains  the  merest 
trace  of  choline ;  but  this  is  not  devoid  of  significance,  for  this  fact  taken  in  con- 
junction with  another — namely,  that  physiological  saline  solution  will  extract  from 
perfectly  fresh  nervous  matter  a  small  quantity  of  choline — shows  us  that  lecithin 
and  protagon  are  not  stable  substances,  but  are  constantly  breaking  down  and 
building  themselves  up  afresh ;  in  fact,  undergoing  the  process  called  metabolism. 
This  is  most  marked  in  the  most  active  region  of  the  brain— vis.,  the  grey  matter. 
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Whkn  a  constant  current  is  thrown  into  a  nerve,  there  is  an  excita- 
tion which  loads  to  a  nervous  impulse,  and  this  produces  a  contraction 
of  the  muscle  at  the  end  of  tho  nerve.  Similarly,  thore  is  another 
'•unt.raction  wlnm  tiba  current  iB  taken  out  While  tho  current  is 
Mowing  through  the  nerve,  tho  musclo  is  quiescent.  But  while  the 
current  is  flowing  there  are  changes  in  the  nerve,  both  as  regards  its 
electrical  oandition  and  its  excitability.  These  changes  are  summed 
up  in  the  expression  dotrotomis. 

In  the  investigation  of  this  subject  the  instruments  employed  are 
llio  same  as  those  already  described,  with  the  addition  of  two  others 
that  it  will  lie  convenient  to  <l  ssing  on  to   1 1 

of  olecti oton us  itself.  These  are  the  loveraer  or  commutator,  and 
tho  rbeocnoid 

PohVs  commutator  ib  tho  form  of  roverser gonorally  employed.  It 
•  "nsists  of  a  blook  of  ebonite  provided  with  six  pools  of  mercury. 


fzV 


j-\- 


M.      Mllfcl uiiiul.fr,  »i!li  MOM  -II...     .[.\IU;   \\,.' 

each  of  which  is  provided  with  a  binding  screw.  The  comer  pools 
are  connected  by  diagonal  cross  wires,  and  by  a  cradle  consisting  of 
an  initiating  handle  fixed  to  two  ares  of  oopper  wire  which  can  be 
tilted  bo  that  the  two  middle  pools  can  l>e  brought  into  communication 
with  either  of  the  two  lateral  pairs  of  pools.     Fig.  1 03  shows  how,  by 
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altoring  th<  a.  of  tin:  cradle,  the  direction  of  the  oarreat  from 

one  electrode  to  the  other  is  [evened    The  Domberfl  l.  2,  3,  etc., 
indicate  the  [jatli  of  the  current  in  the  two  cases. 

SOUWHW  the  revcrser  is  used  without  the  CKM  wires  for  a  different  purpose. 
The  battery  wires  are  connected  as  before  with  the  middl  pools.     Each 

lateral  pair  of  pools  is  connected  by  wires  to  a  pair  of  electrodes.     The  two  pairs  of 
electrodes  may  be  applied  to  two  portions  of  a  nerve,  or  to  two  different  nerves,  and 
by  tilting  the  cradle  to  right  or  led  the  current  can  be  sent  through  one  or  the  ol 
pair  of  electrodes. 

The  rhcochord  is  mi  instruim  i:i      ••   DQ  COOgth  of 

a  coustaiit  current  passed  tlu(.>u;_r3i  a  nunc  DB*J  be  Varied     It  consists 

I  long  wire  (r,  r,  r)  oJ  stretched  on  a  board.     This 

-Cell 


Muscle 


is  placed  as  a  bridge  on  the  course  of  the  battery  current.  (See  fig. 
194.)  The  current  is  thus  divided  into  two  parts:  one  part  through 
the  bridgo,  the  other  through  the  norve,  which  is  laid  across  the  two 
non-polarisable  electrodes  at  the  emls  ol  the  wires.  The  resistance 
through  the  bridge  is  varied  by  the  position  of  the  slider  («  *).  The 
farther  the  slider  is  from  the  battery  end  of  the  instrument  the 
longer  is  the  bridge,  and  the  higher  its  resistance,  so  that  less  current 
goes  that  way  aud  more  to  the  nerve. 

The  next  figure  shows  the  more  complicated  form  of  rheochord 
invente  1  by  Posjijowhirf.     Thy  number  of  turns  of  wire  is  greater,  so 


0 


.!_ 


igtffr- 
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that  the  resistance  can  be  varied  to  a  much  greater  extent  than  in 
the  simpler  form  of  the  instrument. 
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The  term  "  electrotonus  "  includes  two  sets  of  changes  in   the 
;  lirst  an  electrical  change,  an<t  secondly  changes  in  excitability 
■ad  conductivity.     We  will  take  the  electrical  change  first. 

EDectrotonic  currents. — The  0<M  • 'irrent  is  passed   through 

lervo  from  abatfe  He  electrodes  being  in 

called  tho  polarising  current.  If  portions  of  the  norve  beyond  the 
electrodes  are  nmnected  ("  lo«l  off")  as  in  the  diagram  (fig.  19G)by 
non-polarisable  electrodes  to  galvanometers,  a  current  will  in  eaoh 
cage  be  indicated  by  the  swing  of  the  galvanometer  needles.  The 
electrotonic  current  in  tho  neighbourhood  of  the  negative  pole  or 
kathode  is  called  the  katelectrolonic  current ;  and  that  in  the  neighbour- 
hood of  tho  anode  is  '-ailed  the  anelectrotonic current.  In  both  cases  tho 
eleotrotonic  current  has  the  same  direction  as  the  polai  i  mil 

These  currents  are  dependent  on  the  physical  integrity  of  medullated 


Anelectrotonic 
Current 


Polarising 
Current 


Katclectrotonic 
Current 


VUt,  IM,  -  Eln-lrutowtc  currroU. 

nerve;  they  are  not  found  in  muscle,  tendon,  or  non-mod ullated 
norve;  they  are  absent  or  diminished  in  'load  or  degenerated  nerve. 
They  can,  however,  be  TOJ  successfully  imitated  in  a  mode]  DM 
/in«-  win-  i  ;)'■'..  r,  in  cotton eooked  with  salt  solutios.  The  electro- 
tonic  currents  must  lie  carefully  distinguished  from  the  normal 
current  of  action,  which  is  a  mom  ba&|  8  rapd  -i  gated 

with  a  nervous  impulse  which  ma  i  bj    anj    method  of 

.stimulation.     The   electrotonic    currents    are    produced    only  by  an 
(polarising)   current;    they    vary    in    intensity    with    the 
sing  current,  and  last  us  long  as  tho  polarising  current  passes 
i  In  nigh  tho  nerve. 

After  the  polarising  current  is  removed,  after-clcctrotonic  currents   occur   in 
different  dlKCOODi  in  the  three  regions  tested. 

(<i)  In  the  intrapolnr  region,  the  nfter-current  is  oppOlfta  in  direction  tn   the 

original  polarising  current;  unless  the  polaiisinu  current  j>  strung  and  of 

I  liurl  (liiralion.  uln  u   it  i.\  :n  lln'  MflM  ilir.-rl 
(/■)  In  the  katclectrotonic  region,  the  after-current  has  the  some  direction  as  the 

katclectrotonic  eurrenl 
(e)  In  the  rtivrli  rimtiiriic  RgiOB,  the  afteT-curr.-nt   lias  at  first  the  Mime,  then 

the  opposite  direction  to  the  anelectrotonic  currcni 


uscnonftrs 

The  expefUeetil  knotro  a*  the  paradoxical  contraction  depends 
upon  efoctrvtofric  eornoU.  The  sciatic  nerve  of  the  frog  divide* 
in  the  tMNf  purl  of  Um-  '.wo  parte     11  one  division  a 

cut  oKftm,  and  »U  central  ■  .ulated  electrically  (the  spinal  cord 

having  l«eu  previously  destroyed),  the  muscle*  supplied  bgr  the  other 
bjJMOtJ  OOfttrnet ,  the  nerve-fibre*  in  this  branch  having  been  stituu- 
laU-l  by  the  id  branch.* 

■lectrotonic  atteratioaa  ot  excitability  and  conductivity. — 
i  a  constant  current  is  passed  ifan  te  excitability 

teased  in  the  region  of  the 

kfttbo  in  the  region   of   the   anode.     When   the 

it  ik  takun  out  tbOM  proper  Una  are  temtiorarily  increased  in 

t    tlio   anode,   and   diminished    in    that  of  the 

katlr 

Thll  may  \m  tkowo  in  the  caao  of  a  motor  nerve  by  the  following 
nt     Thu  next  diagram  represents  the  apparatus  used. 


■ 
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EXCITING    CIRCUIT 
MapusafsfpNslsaiMl  in  EsUss  mam  man  tMannkm  sf  «HHrt*ti>y. 

v.,  hookfl  i«  arrange"  1  in  tl ie 

I  i  i  ,.    ii,,-  |  -:,  iimu'  6l<  :  "ii  the  nerve  near  thu 

A  pa  ilsoa     ■    <  d,  and  Inoludea  a  battery, 

rati  rovertti  .  tboourront  ii  paned  Into  the  nerve  by  means  of 

■  inn  }  I         v.  boo  the  polarising  current  is  thrown 

Into  i  "    Dtrvo,  01   falcon  OUt.  a  contraction  of  the  niiiscio  occurs,  but 

i  disregard"!  BBi 

Tin  I  with  kho Booondnrj  <"il  so  far  from 

I  linmry  thai  bbfl  BOH  llda  to  bmak   <mly,  and  the  tracing 

PI  .in  nt    BMU|    !*•   innlully   «liatingulsli<-<l    fr.uu    Knhm-'s    ^rrai-ilis 

p     178.       In    the   naeflia    r\|ierimcnt    the    ncrvc-fibre« 

ft,  .mil  niiy  i I  •tlmuUtion  applied  to  one  braneh  will  musr 

cotltraotiaa   ni   both   halve*  "t   tin    musek     lu   the  paradoxical  contraction.  I h«- 
l.mull  W  bound  tUU  liy  ritU  in  tin-  sciatic  trunk:  thrre  i* 

m  of  *  nerve  Impulse  in  both  directions;  the 
•  i  i  ■  M . .  I  iiiusl  !»•  an  electrical  ont!. 
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may  be  recorded  on  a  stationary  blackened  cylinder.  The  cylinder  is 
moved  on  a  sh-i  I  di tance,  and  this  is  repeated.  The  height  of  the 
lines  drawn  may  be  taken  as  a  measure  of  the  excitability  of  the  nerve. 
Tin-    |  (lien  thrown  in,  in   a  dttetimmg  ilirc.-l.inii 

{i.e..  towards  fin-  muscle);  the  kathode  is  thus  the  non-piilarisahle. 
•  •]iM-irn<le  near  to  the  SXI ..it  in;.'  I ■!■  While  1 1 1 * •  pol.-uismg <  tirront 

wing,  take  some  more  tracings  by  breaking  the  exciting  current, 
Tho  increase  in  the  excitability  of  the  nerve  is  shown  by  the  much 
larger  contractions  of  the  muscle;  probably  a  contraction  will   In-. 

nod  now  at  both  make  and  break  of  the  exciting  current.  After 
tOmoving  the  polarising  current,  tho  contractions  obtained  by  excit- 
ing the  nerve  will  lie  fur  a  short  time  smaller  than  tho  normal,  but 
soon  return  to  their  original  size. 

Exactly  the  reverse  occurs  when  tho  polarising  current  is  ascend- 
ing,  i*.,  from  the  muscle  towards  the  spinal  cord.  The  non-polarisable 
electrode  near  the  exciting  electrodes  is  now  the  anode.  While  the 
polarising  current  is  passing,  tho  excitability  of  tho  nerve  is  diminished 

fch&t  induction  shocks  which  previously  produced  contractions  of  a 
certain  size,  now  produce  smaller  contractions,  or  none  at  all.     On 
ing  tho  polarising  current,  the  after-effect  is  increase  of  excit- 
ability. 

The  following  figure  is  a  reproduction  of  a  tracing  from  an  actual 
experiment.  The  after -effects 
are  not  shown.  N  represents 
a  sories  of  contractions  ob- 
tained whon  the  nerve  is 
normal,  K  when  it  is  kato- 
lectrotonic,  A  whon  it  is 
anelectrotonic. 

Exactly  similar  results  are 
it'  "iio  uses  mod i 
cal  stimuli  such  as  bara 
ing    tho    nerve,    instead     of 
induction  shocks.     Tho  same 
is  true  for    chemical  stimuli. 
If  tho  exciting  electrodes  are 
removed,  and  salt  sprinkled 
on  the  nerve  near  the  muscle, 
•01  .ii     1  logins    to 
r ;   its   contractions   are 
increased  by  throwing  in  a  descending  and  diminished  by  an  ascend- 
ing polarising  current. 

increase  in  irritability  is  called  katelectrotonus,  and  the 
decrease  is  called  anelectrotonus.  The  accompanying  diagram  (fig. 
199)  shows  hu-.v  the  effect  is  moat  intense  at  the  points  (a   /I  wl 
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the  electrodes  are  applied,  and   extends   in  gradually  diminishing 
intensity  on  each  side  of  them.     1  miles  the  increase 

shades  off  into   the    Increase,  ami  it  is  evident  that  there  must  I  ie  a 
neutral  point  where  there .  i  increase  nor  decrease  of  it 

The  position  of  this  neutral  point  is  found  to  vary  with  the  intensity 


•ram  IlliictraUag  the  eftct*  of  various  liiMiieltie*  of  the  polarising  currant.    Ltf,MH| 
0  l«  ;  I .  kjLtliol" ;  lha  curve*  atwra  ln<1i(-ii«  inmate,  *n<i  thot*  below  >ii>crea»e  of  Irritability, 
ami  wlirn  Dte  t'tirmnl  it  ."Crease  mre  bulli  tmall,  wltJi  Um  nantral  point  naar 

n,  and  at  the  carnal  f»  Incnsaaed  In  •tM&gth,  the  chan(tM  in  irritability  ar»gr*at«r,  and  thru 
point  approach**  k. 

of  the  polarising  current — when  the  current  is  weak  the  point  is 
nearer  the  anode,  when  strong  nearer  the  kathode. 

Pfliiger's  law  of  contraction. — The  constant  current  sometimes 
causes  a  emitm  li.ui  both  at  make  and  break,  sometimes  at  make  only, 
sometimes  at  break  only,  The  dMbwiico  depends  on  the  strength  and 
direction  of  the  current;  and  follows  from  the  electrotonic  changes  of 
excitability  and  eondueiivity  we  hi  j,     Increase  of  ex- 

citability acts  as  a  stimulus;  so  that  at  the  make  the  kathode  i 
stimulating  electrode,  and  at  the  break  the  anode  is  the  stimulating 
electrode. 

i  lg  facts  maybe  demonstrated  in  the  following  way  (fig   200): 


jiH).  —  Arrangement.  >if  apparat  ;.!ratlng  Pflilger'i  law. 

from  a  Kitten-  lead  the  wires  to  the  middle  screws  of  a  reverser  (with 
cross  wires),  interposing  a  key ;  from  one  pair  of  end  screws  of  the 
reverser  load  wires  to  the  binding  screws  of  tlic  rheochord;  frmn  these 
same  screws  of  the  cheoohord  the  BOB-polarisaMe  electrodes  lead  to 
the  nervo  of  a  norvo-muscle  preparation.  The  strength  of  the  current 
is  varied  by  the  slider  S.    The  nearer  S  is  to  the  binding  screws  the 
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leas  is  the  resistance  in  the  rheoohprd  circuit,  and  the  loss  the  current 

_:h  the  nerve.     With  B  weak  current,  a  contraction  occt;, 
mako  only,  but  more  readily,  i.e.  with  a  weaker  current,  when  its 
direction  is  descending,  i.e.  towards  the  muscla     With  a  stronger 
current  (ascending  or  descending)  contraction  occurs  both  at  make 
and  break.     With  a  very  strong  current  (six  Groves),  the  001 
occurs  on  I  ■.,ke  with  a  descending  current]  and  only  at  break 

with  an  ascending  current 

The  contractions  produced  in  the  muscle  of  a  nerve-muscle 
preparation  ty  a  constant  current  have  been  arranged  in  a  table 
which  is  known  as  Pflliger's  Law  of  Contraction. 


8num*TB  Of 

l'rmijf|ry  C4KD* 

Weak    . 
Moderate 
Strong  . 

llnrSSMXQ  Ct'MKVT. 

aacxKDUo  Ovaanrr. 

Make. 

Brwk. 

■ate 

Bra*. 

Y.K. 

Yet 

No. 

Ye*. 

No. 

Yes. 
Yes. 
Na 

No. 

Yea. 

Yea. 

The  increase  of  irritability  at  the  kathode  when  the  current  is 
made  is  greater,  and  so  more  potent  to  produce  a  contraction  than  the 
rise  of  irritability  at  the  anode  when  the  current  is  broken;  and  so 
with  weak  currents  the  only  effect  is  a  contraction  at  the  make. 
But  when  the  strength  of  the  current  is  increased  the  rise  of 
excitability   is    in   all   cases    sufficient  to    provoke  a    contraction 

rate  effect  in  above  table).  The  alteration  in  conductivity 
i3  not  sufficient  to  prevent  the  impulses  being  propagated  to  the 
muscle. 

With  strung  currents  the  case  is  a  little  mm.  >  implicated, 
because  here  the  diminution  of  conductivity  is  so  great  that  certain 
regions  of  the  nerve  become  impassable  by  nerve  impulses.  When 
the  current  has  an  ascending  direction,  the  impulse  at  the  break  is 
started  at  the  anode,  and  as  this  is  next  to  the  muscle  there  is  no 
hindrance  to  the  propagation  of  the  impulse,  but  at  the  make  the 
impulse  started  at  the  kathode  is  blocked   by  the  extreme  lowering 

idui .tivity  at  the  anode.  When  the  current  is  descending  the 
kathode  is  near  the  muscle,  and  so  the  impulse  at  make  reaches  the 
muscle  without  hindrance;  but  at  the  break,  tho  impulse  started  at 
the  anode  has  to  traverse  a  region  of  nerve,  tho  conductivity  of  which 
is  so  lessened  that  the  excitation  is  not  propagated  to  the  muscle. 

(',.  X.  Stewart  tins  stated  in  opposition  to  the  foreguing  statements  Unit  at  the 

make  conductivity  is  most  lowered  at  the  kathode,  auu  at  the  break  at  the  anode. 

r  words,  conductivity   mid   flXCftabUlt?  vary  m   opposite  directions.     His 

results  have,  however,  not  btOO  accepted  by  other  physiologists,  and  are  due  to  a 

complex  set  of  excitatory  and  polarisation  changes  produced  by  the  galvanomctric 
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otrh'l    rim  fni%»  worthy    experiments    with    the 

•  meter  mv  opposed    i  lie    following   kimplc 

expentu   nt  •!    •  i  .ed  by  faotcn  »|ipuill  to  he  ijuitr  OOQCfastve  that  i-im-.lin-tivity  like 

pxritiii  Three  non-c 

•  closed  from  A»  to  i 
Hi.-  HnM  *iii:-ii  int.  •  .-  then 

u4  tii-  tin  mounted,    ta  botb  cues.  ••xdtatSon 

it  K.  bul  the  time  of  response  in  the  second  rase  (A,  to  K        I    ijrrr.  because. 
in  that  ease  the  nerrc  hapa]M  '■  H  to  lOO  of  nerve  at  A,  in  which  the 

power  of  conduction  is  lessened. 


Km.,  jni.  -Ingram  f>  WnMrate  <J<Xcli  «  r»perttn*nt  .1  'rudea. 

SiniMitimes  (when  tb  ii   is  specially  irritable)  instead  of 

,i  hiii|  .  us  ;ii.  the  make  or  break  of  the 

r  ii  ii t  current.     This  is  dun  to  ohemio  l3  (eloofcrolytio)  ohaogM  pro- 
inosd  by  Lho  current,  and  is  liable  to  occur  at  the  break  of  a  strong 
ascending  current  which  lias   boon  passing  for  sonic  timo  into 
preparation,  or  at  the  main  of  a  strong  descending  current;  both 

Bg  oonditioiil  which  increase  1 1 1 * •.  excitability  of  the  piece  of  un 
nearest  to  too  muscle;  this  is  called  Ritter's  tetanus,  and  maybe 
stopped,  in  the  first  owe  by  throwing  in  the  onrrent  in  the  same 
direction,  nr  in  the  ascand  case  by  throwing  in  a  onrrent  in  the 
n|i[iosite  direction,  i>.,  by  conditions  which  lessen  the  irritability  of 
piece  of  nerve. 

The  same  general  laws  hold  Fox  muscle  as  well  as  for  nerve,  but 

man  diffiotlll  to  demonstrate;  (lie  main  fact,  however,  that  tho 
kathodk  is  tho  stimulating  eleetrode  at  I  ad    i  he  anode  at 

break,  may  bo  shown  by  the  following  experiment :  if  a  enraxiaed, 
that,  is,  a  physiologically  nerveless  muscle,  is  arranged,  as  in  the 
experiment,  tor  demonstrating  the  muscle- wave  (see  fig.  149,  p.  119), 
and  a  non-polaiisahle  electrons  placed  at  each  end,  the  musclc-v, 

a1    the  make  of  a  constant  current  starts  at  the  kathode  and  at  the 
break  al  the  am 

An  induced  current  m  tin-  secondary  circuit  of  an  iuduetoriuni 
may  bo  regarded  as  a  onrrent  "f  suoh  ahorl  duration  that  the  opening 
ami  are  fused  in  their  effects    This  is  true  for  all  induction  cur- 

loius,  whethei  produced  by  the  make  or  break  of  the  primary  circuit. 
The  r;at  l  always  be  the  more  effective  in  causing  contraction. 


INSB   OF    HlMAV    bfUSGUB   AND    NkKVES  TO   ELECTRICAL 

Stimulation, 

Perhaps  the  most  important  outcome  of  this  study  of  the  response 
and  nerve  to  electrical  stimulation  ia  its  application  to  the 
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M ties  and  nerves  of  the  human  body,  because  here  it  forms  a  most 
valuable  method  of  diagnosis  in  cases  of  disease. 

Iti  |  hot  by  induction 

shocks,  or  bj  the  make  ami  1  nent.     In  tin*  case 

rves  this  is  shown  by  the  contraction  of  the  muscles 
they  supply;  and  in  the  ease  <»f  the  sensory  D6TVM  by 
that  are  produced.     In  the  case  of  the  sensory  nerves,  the  sensation 
produced  by  the  constant  curiam  is  most  intense  at  the  instant  of 
make  and  break,  or  wh-  fcrength  of  the  current  is  changed  in 

the  i  d  either  of  diminution  or  increase;  but  there  is  a  sii 

m  due  doubtless  to  the  eleotrotonio  alterations  in  exottaba] 
which  we  have  been  studying,  during  the  whole  time  that  the  CUXra 
ing. 

Wi  nutrition  o|   the    nerves  is  impaired,  much    stronger 

currents  of  both   the  indnced  and  constant  kinds  are  necessary   I 
evoke  muscular  contractions  than  in   the  normal  itaSB.      When  the 

l  es  are  completely  ratld  (as,  f"r  ,  wbeo  they  are  cut 

off  from  the  epma]  oord,  or  be  cells  in  the  curd  from  which 

tin  ite  are  themselves  degenerated,  as  in  infantile  paralysis) 

no  muscular  contraction  can  1m?  obtained  on  stimulating  the  nerves 
even  with  the  strongest  currents 

6  ehangSS  in  the  excitability  of  the  muscles  are  less  simple, 
because  in  them  there  are  two  excitable  structures  the  terminations 
of  the  ner\es.  and  the  muscular  fibres  thei  Of  these,  the 

nerve-fibres  are  the  more  sensitive  to  induction  currents,  and  the 
farad  ie  stimulation   of  I    muscle   under  normal  circumstances    is    by 

his  i if  these  motor  nene  endings.    Thus  we  Bad  thai  Its  eu-ita- 
bility  corresponds  in  degree  to  thei  of  the  motor  nerve  suppl 
The  muscular  Bores  are,  even  in  the  normal  state,  less  sensitive  to 
faradism  (that  is,  a  succession  of  induction  shocks)  khan   thenar 
because  they  are  incapable  of  ready  ;  to  stimuli  m  ?ery  short 

in  duration  as   are  the  shocks  of   which  a   faradic  current   consists. 

The  proof  of  this  consists  in  the  (eel  that  under  the  influence  of 

ore,  which  renders  the  muscle  practically  dm     I        the  mosaic 

requires  am  I   to  stimulate  it   thin  in  the 

mal  state.    Whan  the  oarve  is  degenerated,  the  make  ox  on 
of  the  constant  Burreul  stimulates  the  muscle  aB  readily  us  in  the 

h.wiy  than 

I   which  OQGUn  when  the  ner\  -  intact,  ami  is  doe  to  the 

simulation  of  the  muscular  Ibres  bl  Che  tad  that,  am 

normal  circumstances,  t.1  ction  which  is  caused  by  the  const 

current  is  as  quick  as.  that  produced  by  an  induction  shock,  is  ground 
for  believing  that  in  health  the  constant,  like  the  induced  current, 
causes  the  muscle  be  contract  chiefly  by  exciting  the  motor  nerves 

with 
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When  the  motor  none  is  degenerate  I :  and  will  not  re. 
any  form  of  electrical  stimulation,  the  muscle  also  loses  all  its  power 
of  response  to  induction  shocks.  The  nerve-degeneration  is  accom- 
panied hy  changes  in  the  nutrition  of  the  muscular  fibres,  as  is 
evidenced  by  lIi-mi  rapid  treating,  and  any  power  at  response  to 
faradisui  they  possessed  in  the  Donnal  state  is  lost.  But  the  response 
to  the  constant  entrant  remains,  and  is  indeed  more  ready  than  in 
health,  doubtless  in  •  of  nut  i  it  it  ohanges  which  develop 

wliat  tlie  older  pathologists  called,  truly  enough.  "  irritable  weakness." 
11  u*re  is,  moreover,  a  qualitative  as  well  as  a  quantitative  change. 
in  health  the  first  contract  .  cur  on  gradually  increasing  the 

Strength  of  the  current  is  at  the  negative  polo,  when  the  circuit  is 
closed  (see  Pfliiger's  law),  and  a  stronger  current  is  required  before 
closure-contraction  occurs  at  the  positive  pole.  But  in  the  morbid 
state  we  are  discussing,  closure-contraction  may  occur  at  the  positive 
pole  as  readily  as  at  the  negative  pole.  This  condition  is  called 
the  "Reaction  of  Degeneration." 

Suppose  a  patient  comes  before  one  with  muscular  paralysis. 
This  may  be  due  to  disease  of  the  nerves,  of  the  cells  of  the  spinal 

1,  or  of  the  brain.  If  the  paralysis  is  due  to  brain  disease,  the 
tnoBolefl  will  be  slightly  wasted  owing  to  disuse,  but  the  electrical 
irritability  of  the  muscles  and  nerves  will  be  normal,  as  they  are 
still  in  connection  with  the  nerve-cells  of  the  spinal  cord  that  control 
their  nutrition.  But  if  the  paralysis  is  due  to  disease  either  of  the 
spinal  cord  or  of  the  nerves,  this  nutritive  influence  can  no  longer 
lie  exercised  over  the  nerves  or  muscles.  The  nerves  will  degenerate ; 
the  muscles  waste  rapidly;  the  irritability  of  the  nerves  h)  l"d.h 
forms  of  electrical  stimulation  will  be  I"sl;  the  muscles  will  not 
respond  to  the  faradic  current,  but  in  relation  to  the  constant  current 
they  will  exhibit  what  we  have  called  the  ■  reaction  of  degeneration." 

This  illustrates  the  value  of  the  electrical  method  as  a  means  of 
diagnosis,  that  is,  of  finding  out  what  is  the  matter  with  a  patient. 
It  is  also  a  valuable  means  of  treatment;  by  making  the  muscles  con- 
tract artificially,  their  nutr,  I  up  until  restoration  of  the 
Barren  w  nerve-oentres  is  brought  abomt    Another  illustration  will 

indicate  that  the  facts  regarding  electrotniiir.  \  miai  ion  of  i-xcilahility 
are  true  for  sensory  as  well  as  for  motor  nerves;  in  a  case  of 
ia,  relief  will  often  be  obtained  by  passing  a  constant  current 
through  the  nerve ;  but  the  pole  applied  to  the  nerve  must  be  the 
anode  which  produces  diminution  of  excitability,  not  the  kathode 
which  produces  the  reverse. 

Waller  has  pointed  out  that  PflUccr's  law  of  contraction,  as  formulated  for 
frogs' luuscle.s  iiii.l  MTfCSi  is  true  tor  lo.mi:iti  mnsctot  and  nerves  in  tlie  nmin,  hui 
lln-re  are  certain  discrepancies.  These  arise  from  the  method  necessarily  employ*  d 
in  man  boinjf  different  from  those  used  with  a  muscle-nerve  preparation.  In  * 
IIIIWflfi'lMlft  preparation  the   nerve  is  dissected  out.  the  two  electrodes  placed  on 
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it.  and  the  current  has  of  necessity  to  traverse  the  piece  of  nerve  between  the  two 

ides.      In  n  unriil  is  applied  bv  means  of  elect  rod 

whieh  consist  of  metal  discs  covered  with  wash  leather,  and  snaked  in  brine.     One 

e  is  placed  on  the  moistened  skin  over  the  nerve,  and  the  other  OH 
iiuliir.-r.ii1  pinnt,  Mich  as  the  back.      The  current  finds  i^  way  from  MM  electrode  to 
the  other,  not  necessarily  through  the  nerves  to  any  pi  .it  extent  (though  it  will  be 
concentrated  at  the  nerve  us  it  leave*  iln  anode  or  reaches  the  kathode),  hut  dl 
widely  through  the  body,  seeking  the  paths  of  least  resistance.     Thus  it  is  impos- 
sible to  get  pure  anodic  or  kath  It  tlie  anode  is  applied  over  the  nerve, 
the  rurrrnt  enters  by  a  series  of  points  (polar  mott\  and  haves  by  a  second 
of  points  (peripolar  zone).     The  second  series  of  points  is  very  close  to  the  tl 
the  current  l<  aves  tl  i  -  -  nerve  as  .soon  as  possible,  Reeking  less  resistant  paths.     The 

Clnr  zone  will  he  In  the  condition   of   ancle,  trnt.ou,.   the  peripolar  la   LI 
telectr.it.  in ii ,.  so  that  although  the  former  effect  will  predominate,  the  |  Hunts  being 
tiinn-   concentrated,   the   latter  eliect   may   prevent  a   pun-  anelectrotonic    effect 
being  observed  (fig.  2081 

PtlUgcr's  law  of  contraction  acrnrding  to  which  excitation  OOCDM  at  the  kathode 
on  the  miik-r  <-t  a  constant  current,  and  at  the  anmle  00  the  break,  holds  good  for 
all  excitable  tissues.  The  excitation  at  the  break  is  probably  really  due  U  ttu 
make  of  a  polarisation  eiirrent  having  its  kathode  at  the  Corner  anode,  and  is 
therefore  fundamentally  or"  the  same  nature  as  the  make  contraction  ;  or,  In  general 


a 


Skin 


Fta.  m— KlmlnxlBk  applied  to  the  akin  urer  a  nerretrunk.  la  a  the  polar  arc*  ia  anebr.trotunle, 
sad  the  peripolar  katetectrotoalc.  The  former  oomliUon,  therefore,  preprm<1pr»Us»,  alncc  Ike 
current  U  more  concmitrate.).  In  ■  the  condition*  are  metae«l,  tha  polar  none  romapotldliik  h»rr 
to  the  kathcla.    (.After  Waller.) 


terms,  exrit.ihon   oeen  only  at  Hie  place  when  a  current  leaves   the  excitable 
No  doubt  Um  determined  by  the  electrolytic  changes  occurring  at 

the  point  of  entry  and  exit  of  the  current ;  the  development  of  kat-ions  must  there- 
fore be  that  results  in  excitation.  It  is  difficult  to  imagine  that 
in  a  degenerated  muscle  there  should  be  a  reversal  of  such  a  fundamental  law.  and 
that  excitation  should  he  associated  with  the  development  of  an  ions.  Yet  this  is 
Supposed  to  o.  cur  m  the  qualit  dl  MM  known  ms  the  "  reaction  of  degenera- 
tion. "     Page  Mav  has  investigated  this  question  afresh,  and  finds  that  the  reversal 

law  is  only  apparent,  not  real,  and  is  due  to  lb  I   method  which 

must  neoeaserU]  employ  when  testing  tlie  electrical  reaction  of 

.  through  the  skin.     By  the  DM  of  appropriate  electrode-,  on  t  he  degenerated 
inns,  [es  Of  animals,  it  b  possible  to  detect  tin-  •  ITCT.      Let  us  substitute  a 

muscle  for  a  nerve  in  the  diagrams  of  fig.  90S  :  the  current  enters  a  few  fibres  at 
the  anode,  then  spreads  in  all  directions,  and  leaves  Hie  miMCM  by  a  numb,  r  of 
diffused  kathodic  points.  If  the  muscle  is  degenerated,  its  excitability  is  high, 
and  the  ready  response  at  the  anode  when  the  current  is  made  does  not  really  occur 
at  thr  actual  anode,  but  in  the  neighbouring  and  more  widespread  peripolar 
kathodes.  In  other  words,  degenerated  muscle  obeys  the  general  law  of  excitable 
tissues,  and  excitation  occurs  only  at  the  sil u.il  um  ■  here  the  current  leai 
muscle.  At  the  Actual  anode  there  is  relaxation  or  absence  of  effect;  this  is 
obviously  not  observable  through  the  human  skin  because  the  change  is  very 
limited  in  extent  :  it  can  lie  actually  seen  in  i  n.d. 
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The  nerve-centres  do         of  the  fa  ■:  they  are 

i  I.;,  containing  i  com  which  the  nerve-fibres 

<>j*  the  [i(!ivcs  originate.    Small  coll  of  nerve-cells  are  found 

o  in  portions  of  the;  peripheral  nervous  system  where  thej  are 

called  ganglia.  The  spinal  ganglia  OB  the  posterior  rOOta  "f  the 
spinal  nerves,  and  the  sj'mpathetic  ganglia  are  instances  of  those. 

Che  general  arrangement  of  tin  i  spinal  axis  is  raven  in 

the  aooompanying  diagram  The  nerves  which  take  origin  from  the 
brain  are  called  cranial  nerves;  there  are  twelve  pairs  of  these; 
some  of  them,  like  r  iv  nerves, are  nerves 

of  special  .senso ;  others  supply  the  region  >>f  the  head  with  motor 
and  sensor?  fibres.  One  pan  (the  tenth),  called  the  paeumogastrie 
or  •  rves,  are  mainly  disti  to  the  viscera  of  the  thorax 

and  abdomen,  and  a  part  of  another  pair  (the  eleventh),  called  the 

.  ague  prior  to  such  distribu- 

!i;iii  in  n'lr  subsequent  stud;  <>f  the  heart,  Lungs,  stomach 

and  other  organs  li  it.lv  to  allude  to  these  nerves.    The 

'.  two  pairs  of  cranial  D  be  olfactory  and  the  optic)  arise 

From  the  oexehnuil.  The  remaining:  ten  pairs  are  connected  with  the 
district  of  grey  matter  called  the  tioor  of  the  fourth  ventricle  or  its 
immediate  orhoodj   tins  tract  of  grey  matter  is  situated  at 

the  lows  of  the  brain  where  it  joins  tb    spinal  oord;    this 

•  brain  is  ealled  the  Bulb  0T  Medulla  oblongata. 

The  spinal  nerves  are  arranged  in  pairs,  31  in  number.  Their 
general  structure  and  functions  we  ha  i\  studied  (pp.  168-170). 

The  more  intimate  structure  of  the  brain  and  spinal  DOM  WS  shall 
t  at  length  in  subsequent  chapters.  For  the  present  we  shall 
deal  with  some  of  the  general  aspects  of  the  nerve-centres,  both  as 
rogards  structure  and  function. 

The  brain  and  spinal  conl  musist  of  two  kinds  of  tissue,  easily 
distinguishable  by  the  naked  eye.  They  are  called  respectively  white 
uv.tter  and  gj-etf  matter. 


■ 


WHITE   AND   OREY    MATTER 


•  II. 

White  witter  is  composed  of  medulla  tad  nerve-fibres,  which  differ 
in  structure  from  the  medul- 
lat- 
dm 
(ne 

cen 
gat 


lihros  "f  nerve  by 
I  laving  no  primitive  sheath 
(neurileni  I 

Qrey  matter  is  the  tnn- 
central  material  so  fai'  as  re- 
gards function;  that  is  to 
say,  it  is  the  part  which 
receives  and  sends  out 
nervous  impulses;  it  i 
characterise!  by  containing 
the  bodies  of  the  nerve 
.  ■.•lis. 

In    the   brain    the  [ 
matter    is  chiefly   situated 
km    ili»'    Borfaoe,    forn 

what    is    called    the    am. 
the    white  matter  and   0 
tain   subsidiary  masses    of 
grey    matter    are    in     the 

In    the  spinal    c.i.l,   the 
!•   ia   in    the    ii 
tenor,     the     white      math 

.Hit-si.  1. 1 

In  both  grey  u 
matter  the  nerve-cells  am! 
nerve-tihres   are  supported 
by  a  peculiar  tissue  which 
is   calhsl    neuroglia.     It    i 
oompoeed  ol  oelfa  and  ii:i 
the  lattetr   being  prolong 
from  the  cells.    Some  of  th 
fibres  are  ra<ii.illv  axranged 
They  start  from  the  oul 
end    ol  i  be  ciliated  epithe- 

liuni     OOUfi     that      lint*     thr 

n»l  i-aii.il  ol  th'"  spinal 

cord    and    I  In-    \  onl  I  i 

the  hrain,  and  diverge  eon 

scantly   brain  lung 

surface  of  the  organ, 
wlniv-  they  end  by  Blight 
enlargemeute    attaol  e  I    to 


fCtM/tom--  "^f'' 


■ 
■ 


1.1  ;• 


• 


Kio.  a<>.  I'-'bru-tt'lsal  a\i»  ol  lit*  imtv«.ui 

•y»iem.    Trie  rigid  h»lf  or  Ui*  cranium  ami  tmnk  of 

tlit'Uxly  Ii**  Iti  r*rao««d  In-  a  vrrtK-al  uKtkin;  ibe 


■yjinbrann  ol  tb*  bruin  acid  spinal  cord  havr 
pmho>^I.  a  rat  i<art  of  tli*  liftli  ai*I 

cranial,  an-1  >A  all  Uw  npinaJ  nnra  of  tlie  rrjht 

av«- boon  Jl«x    !•   :  .in  v.,1  laid  »*|*r»taly  on  tl- 

i  In-  -  vrral  vertebra-  opuonito 

■ir  natural  nil  frutn  Llia  crauhviplnal 
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the  pia  mater.  The  other  fibres  of  the  tissue  are  cell  processes  of 
the  neuroglia  or  glia  cells  proper,  or  spider  cells  as  they  are  some- 
times termed  (see  fig.  204). 

Neuroglia  is  thus  a  connective  tissue  in  function,  but  it  is  not 
one  in  origin.  like  the  rest  of  the  nervous  system,  it  originates 
from  the  outermost  layer  of  the  embryo,  the  epiblast  All  true 
connective  tissues  are  mesoblastic. 

Chemically,  it  is  very  different  from  connective  tissues.     It  con- 


Fio.  MM,— Branched  neurogUa-cell.    (After  Stohr.) 


siats  of  an  insoluble  material  called  neuro-keratin,  or  nerve-horn, 
similar  to  the  horny  substance,  keratin,  which  is  found  in  the  surface 
layers  of  the  epidermis. 


Structure  of  Nerve-Oells. 

Nerve-cells  differ  a  good  deal  both  in  shape  and  size. 

In  the  early  embryonio  condition,  the  future  nerve-cell  is  a  small 
nucleated  mass  of  protoplasm  without  processes.  As  development 
progresses  branches  grow,  and  by  this  means  it  is  brought  into  con- 
taot  with  the  branches  of  other  nerve-cells.  When  the  nerve-cells 
degenerate,  as  they  do  in  some  oases  of  brain  and  cord  disease,  there 
is  a  reversal 'of  this  process;  just  as  in  a  dying  tree  the  terminal 
branches,  those  most  distant  from  the  seat  of  nutrition,  are  the  first 
to  wither,  so  it  is  in  the  degenerating  nerve-cell.  If  one  traces  the 
structure  of  nerve-cells  throughout  the  zoological  series,  there  is  also 
seen  an  increase  in  their  complexity,  and  the  number  of  points  of 
oontact  produced  by  an  increase  in  the  number  and  complexity  of  the 
branches  multiplies  (fig.  205). 
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The  simplest  nerve-cells  known  are  termed  bipolar.  In  the  lower 
animals  the  two  DTOOOMDO  'Mine  off  from  the  opposite  ends  of  the 
cells;  the  cell,  in  other  words,  apjioarsas  a  nucleated  enlar^ 
the  course  of  a  nerve-fibre.  Fig.  206  (A)  shows  one  of  these  nerve- 
cells  from  the  Gasserian  ganglion  of  the  pike.  The  cells  of  tho 
Gasserian  and  spinal  ganglia  in  the  mammalian  embryo  are  also 
bipolar,   but  as   development  progresses,  the  two   branches  become 

fused  for  ft  considerable  distance.  80  that  in    the  fully  fOB I    .mimal 

each  cell  appears  to  1*  unipolar.     This  is  shown  in  :in  gram- 

matio  way  in  Bg,  187,  p.  168.     The  bifurcation  of  the 
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Fio.  206.— Diagram  after  Ramon  y  Cajal  to  ahow  the  ODtofrnetlc  (or  eubryoloitlcai)  and  priylogaoatlo 
(  •  it,  a  i  animal  •*»«*)  der*lopm«nt  of  a  wmron.  *,  n m il nl  <•  H of  frr*;  ■,  newt;  c,  mouta ;  », 
man.  Aa  the  place  in  the  woloirfcal  trim  tmm,  the  neuron  lucre****  Id  complexity  and  In  tho 
number  of  point*  of  contact ;  thl»  la  produced  partly  by  an  increawo  of  the  dendron*.  partly  by  an 
Increase  In  the  aide  branches  or  collateral*  of  the  M  I ,  rbOW  the  early  *t*K"t  in  tlw 

development  of  a  almllar  cell  In  the  human  ejabryu  ;  lb*  flrat  branch  of  the  cell  to  appear  (in  a)  la 
the  axon  :  the  dendron*  are  later  outgrowth*.    The  rereraal  of  thta  proceaa  Uae*  place  In  primary 

spoken  of  as  a  T-shaped  junction.  As  will  be  seen  in  fig.  206  (C), 
the  nerve  process  has  a  convoluted  courso  on  tho  surface  of  the  cell 
before  it  bifurcates.  In  these  ganglia  it  should  be  also  noted  that 
each  cell  is  enclosed  within  a  connective  tissue  si leath.  and  the  mil  lei 
seon  are  those  of  the  connective  tissue  corpuscles. 

In  the  sympathetic  ganglia,  the  cells  may  have  a  similar  structure, 
and  here  also  the  nucleated  sheath  is  seen.  In  some  cases,  however, 
when  there  appear  to  be  two  fibres  connected  to  a  cell,  one  of  them 
is  really  derived  from  another  cell,  and  is  passing  to  end  in  a  ramifi- 
cation which  envelopes  the  ganglion  cell ;  it  may  sometimes  be  coiled 
lly  around  the  issuing  nerve-fibre. 
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The  majority  of  DOTVO-QoOfl   found   in   the    body  are  multipolar. 

Here  the  ooll  Mootnoa  bo  [ukr  or  stellata    Fie.  207  shows  the  usual 

of  cell  presont  in  sympathetic  ganglia.     From  the  angles  of  the 

ci  II   branches  originate;  the  majority  of  these  branches  divide  and 

subdivide  until  each  ends  in  an  arboroaconce  of  fine  twigs  or  fibrils ; 


fia.  KM.— Dipolar  n*rT«^*ll4.  A.  From  th»  Ou»rim  ganglion  of  tli-  plfc*(afW  Bldd«r).  II.  From  a 
»|>inal  g»ngllon  of*  Uwmlts' human  embryo  (*r  H  <:.  Adult  condition  of  the  mammalian 
niilnal  ganglion  o«ll :  >i .  I  •hratli ;  only  tha  uuvM  »e*u  In  jirofli*  am  nipraamitnd.     T.  I* 

Uio  T-^iaP"1  Junction  (aft*x  Rotiliu). 

but  one  process,  and  one  process  only,  of  oach  cell  becomes  the  axis 
cylinder  of  a  nerve-fibre. 

Passing  next  to  the  central  nervous  system,  we  here  again  find 
the  multipolar  cell  is  the  principal  kind  present. 

The  next  figure  (fig.  208)  shows  one  of  the  typical  multipolar  cells 
of  the  spinal  cord.  Here  again,  only  one  process  (a)  becomes  the 
axis  cylinder  of  a  norvo-fibrc,  and  the  others  break  up  iuto  arborisa- 
tions of  fibrils.  The  colls  have  a  finely  fibrillar  structure,  and  the 
fibrils  can  be  traced  into  the  axis  cylinder  process  and  the  other 
brandies  of  the  cell.     Between  the  fibrils  the  protoplasm  of  the  cell 
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In  preparations  made  by  Golgi's  chromate  of  silver  mot 
colls  and  then  proosBBes  aro  stained  au  intense  till  ft  deposit  of 

silver.      The     various    slnii-tnres 

in     l.lii-    cells    (ntudeu.S,   gl 

filirils,  etc.),  are  i         isible  is 

I.  preparations,  but  the  great 

advantage  of  the  method  is  that 

it    enables    one    to    follow    the 

aches  bo  their  finest  ramifioar 

1 1  is  thus  found  that  the 

ej  tinder  process  is  not  on- 

branched,  as  represented   in   fig 
208,    but    invariably   gives 
aide-branohes,  which  are  called 
><crai&  ;   these  pass  into  thfl 
adjacent  nerve-tissue.    The  axis 

nd< !     tii'.'n     acquires 
heaths,  and  tluis  is  converted 


telMllofbunsnarabnleortn. 

Colni's  ui'Llio'l. 

into  a  nerve-fibre.    This  nerve-liU.' 

sometimes,  as  in  the  nervo-coiitres 

after   a    more    or    less    extended 

course,  breaks  up  into  &  terminal 

arborescence      enveloping      other 

nerve-cells;    thej. collaterals    also 

terminate  in  a  similar  way.     The 

longest   type  lof   axis  cylinder  is 

that  which  passes  away  from  the  norve-i  cntro,  and  gets  bound  up 

with  other  similarly  sheathed  axis  cylinders  to  form  a  nerve;   but 


■'.0.— Cerebral  mrU-i  nf  mammal,  |jnr]jamj 
•:  j't  BMtltttf,      »,  |.,  i  ,  i>,  r,  i\p:  . 

b,  iMuiuglla-cell.    (Hainan  y  Cajal.) 
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all  ultimately  terminate  in  an  arborescence  of  fibrils  in  varii-u- 
<>r^ans  (end-plates,  muscle  spindles,  etc.). 

In  the  grey  matter  of  the  cerebrum  the  nerve-colls  aro  various  in 
shops  and  size,  but  tin;  inr«t  ohana  -   '•  en    pyramid*]  in 

shape.     They  are  especially  ISBN  and   numerous  in  what  ate  called 
the  motor  areas  of  the  brain.     The  apex  of  the  evil  tfl  diiooted  U>  thfl 
surface;  the  apical  process  is  long  and  tapering,  and  finally  bn 
up  into  fibrils  that  lie  parallel  to  the  surface  of  the  brain  (tangential 
fibres).     From  the  lower  angles  and  other  parts  branching  processes 


Axan 


Ttr..  sil.-OU  of  Put*. uk  fr-im  Uv»  tuunaa  mnMlniu.    Gol$»»  method. 


Bate;  the  axis  cvlinder  comes  off  from  the  base  of  the  pyramid. 
(See  figs.  209,  210).  " 

The  grey  matter  of  the  cerebellum  contains  a  large  numlier  of 
small  nerve-cells,  and  one  layer  of  large  cells.  These  are  flask-shaped, 
and  arc  called  the  eel  Is  of  1'uTkinjc.  The  neck  of  the  flask  breaks  up 
into  branches,  and  the  axis  cylinder  process  comes  off  from  the  base 
of  the  flask  (fig,  211> 

The    w!i  rvona    System    consists    of    nerve-cells   and    their 

branches,  supported  by  neuroglia  in  the  central  nervous  system,  and 

by  connective  tissue  in  the  nerves.      Some  of  the  processes  of  a 

-cell  break  up  almost  immediately  into  smaller  branches  ending 

in  arboresconccs  of  fine  twigs;    these  branches,  which  used  to  be 
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Balled  protoplasmic  processes,  arc  dot  termed  imdnms.    One  branch 
becomes  the  hn  ■  .i.\i-  cylin  I  a  oi  b  nerve-f  ultimately 

terminates  in  an  arbos UfttiflB  ;  ii  ifl  called  i\m  axis  cylinder  process, 
or,  more  briefly,  the  axon,  The  term  neuron  or  neurons  is  applied  to 
the  complete  nerve-unit,  that  is,  the  body  of  the  cell,  and  all  its 
branches.  Some  observers  have  supposed  that  the  axis  cylinder  pro- 
khe    only  one  that   conducts    nerve    impulses,  the  dendrons 

being  rootlets  which  suck  op  nutriment  for  the  nerve-celL     This 
view  bee  not,  however,  been  accepted;  the  dendrosi  may  be  nutri- 
tive, but  there  ia  no  doubt  that  they  else,  like  the  rest  <>f  the  nerve- 
unit,  are  concerned  in  the  OOnduotkffl  of  nerve  impulses.     A  Si 
piece  of  evidence  in  this  direction  is  the  fact  that  the  fibrils  of  the 

axis  cylinder  may  be  traced 
through  the  body  of  the 
cell  into  the  dendrons. 

The  next  idea  which  it 
is  necessary  bo  grasp  is,  that 
each  nerve-aunt  (cell  plus 
branches  o!  both  kinds)  is 
mically  independent 
of  every  other  nerve-unit. 
There  is  no  true  anasto- 
mosis of  the  branches  from 

one  nerve-eell  with  those  of 

another j    the  arborisations 

interlace  and  intermingle, 
and  nerve  impulses  are 
transmit  ted  from  one  nerve- 
unit  to  another,  tha 
contiguous,  but  not  through 
cdntinuoufl  structures.  A 
intermingling   of    arl>orisations    is 
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convenient    expression    for    the 
DM  (literally,  a  clasping). 

Fig.  212  is  a  diagram  of  the  nervous  path  in  a  reflex  action. 
Excitation  occurs  at  8,  the  skin  or  other  sensory  surface,  and  the 
impulse  is  transmitted  by  the  sensory  nerve-fibre  to  the  nerve- 
centre,  where  it  ends  not  in  a  cell -body,  but  by  arborising  around 
one  or  more  cell-bodies  and  their  dendrons.  The  only  cell-body  in 
actual  continuity  with  the  sensory  nerve-fibre  is  the  0DB  in  the  spinal 
■.'.in  IImii  (G)  from  which  it  grew. 

The  terminal  arborisation  of  thfl  sensory  nerve-fibre  merely  inter- 
laces with  the  dendrons  of  the  motor  nerve-cell;  yet  simply  by  this 
synapse,  the  motor  nerve-cell  (M  C)  is  affected  and  sends  an  impulse 
by  its  axis  cylinder  process  to  the.  muscle  (M). 

A  very  rough  illustration  which    may  help  one  in    realising  this 
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i>e  taken  as  follows:  Suppose  two  trees  standing  side  by  side; 
their  stems  will  represent  tl  ejlinden;   their  branches  the 

deudrons.     If  the  trees  are  close  together  tl 
branches  of  one  will  intermingle  with  those  of 
the  other:  there  is  no  actual  branch   from  the 
one  which  m  continuous  with  ttDJ  ba 

of  the  other;  but  yet  if  the  stem  of  one  is 
vigorously  shaken,  ih.  rlo.se  intermixture  of 
the  branches  will  affect  the  other  so  that  it  also 
moves. 

Another  very  important  general  idea  which 
we  must  next  get  hold  of,  is  that  a  BflTVOOS 
impulse  does  not  necessarily  travel  alon 
same  nerve-fibre  all  the  way,  hut  there  is  what 
we  may  term  a  system  of  relays.  The  DtfTOtU 
system  is  very  often  compared  to  a  telegraphic 
system  throughout  a  country.  The  tele 
offices  represent  the  nerve-centres,  the  afferent 
nerve-fibres  correspond  to  the  wires  tliat  carry 
the  messages  to  the  central  offices,  and  the 
efferent  nerve-fibres  are  represented  by  the  wires 
that  convey  messages  from  the  central  offices  to 
more  or  lees  distant  parts  of  the  country.  This 
illustration  will  serve  us  very  well  for  our 
present  purpose,  provided  that  it  is  always  re- 
membered that  a  nervous  impulse  is  not  elec- 
tricity. Suppose,  now,  one  wishes  to  send  0 
message  from  the  metropolis,  which  will  repre- 
sent  the  brain,  to  a  distant  house,  say  in  the 
Highlands  of  Scotland.  There  is  no  wire  straight 
from  London  to  that  house,  but  the  message 
ultimately  readies  the  house;  one  wire  takes 
the  message  to  Edinburgh ;  another  wire  carries 
it  on  to  the  telegraph  station  in  the  town 
nearest  to  the  house  in  <juestion ;  mid  the  last 
part  of  the  journey  is  accomplished  by  a  mes- 
senger on  foot  or  horseback.  There  are  at  least 
two  relays  on  the  journey. 

It  is  just  the  same  with  the  nervous  system. 
Suppose  one  wishes  to  move  the  arm ;  the  im- 
pulse starts  in  the  nerve-cells  of  the  brain,  but 
there  are  no  fibres  that  go  straight  from  the 
brain  to  the  muscles  of  the  arm.  The  impulse 
travels  down  the  spinal  cord,  by  what  are  called  pyramidal  fibres, 
which  form  synapses  with  the  nerve-cells  of  the  spinal  cord,  and 
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Km.  SI 8  —  Diagram  ol  an  nit* 

'  of  th*  motor  path. 

ni'I-T     argnieat; 

augment ; 

C.C,  cell  of  cerebral  cor- 

— it  ol  iplr.al 

cord,  )u  anterior  oorou; 

M.,  themuK-1*:  &,path 

rroin  eeneurr  nerve-root*. 

(Alter  Gowera.) 
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from  those  colls,  Freeh    nerve-fibres  pass  to  the  arm-muscles 
continue  the  impulse.      This  is  shown  in  tho  aoc.ompan\  ing  il Ingram 
2 13).      The  cell  of  the  cerebral  grey  matter  is  represented  by 
C.  C,  the  pyramidal  nerve-fibre  arborises   around  the  cell  of  the 
spinal  cord  (S.  C.)  from  which  the  motor  nerve-  sea,  and  which 

carries  OB  the  impulse.     The  spinal  cord  cells  are  thus  surrounded 
..ttiuiis   (synapses)   derive  1    urn     only    from    the    BOB 
H  (S),  but  by  fibres  from  the  upper  part  of  the  nervous  gj] 
We  now  see  how  it  is  possible  that  reflex  actions  in  the  eonl  may 
\*e  controlled  by  impulses  from  the  brain. 

The  system  of  relays  is  still  more  complicated  in  the  case  of 
sensory  impulses,  as  we  shall  see  later  on;  the  same  is  true  for  Hie 
motor  path  to  involuntary  muscle,  accessory  cell-stations  being  situated 
in  the  sympathetic  ganglia. 

We  may  now  return  for  a  moment  to  the  subject  of  degeneration. 
If  the  m  1 1  b  iibre  is  cut  off  from  its  connection  with  the  spinal  nerve- 
cell,  the  peripheral  end  degenerates  as  far  as  the  muscle. 

Suppose,  now,  the  pyramidal  fibre  were  cut  across,  the  piece  still 

attached  to  the  brain-cell  would  remain  in  a  comparatively  normal 

condition,  but  the  peripheral  end  would  degenerate  as  far  as  the 

synapee  round  the  spinal  cell  (S.  C),  but  not  beyond.    We  can  thus 

In-  degeneration  method  to  (3806  out  tracts  of  ncr\e-libr<.'s  in 

■  matter  of  the  central    noi\oiis  system.       The    bistol 
e  in  the  fibres  is  here  the  same  as  that  als  erilied  in  Hi. 

nerves,  except  that,  as  there  is  no  primitive  sheath,  there  can  be  no 
multiplication  of  its  nuclei ;  there  is  instead  an  over-growth  of  neuroglia. 
Degenerated  tracts  consequently  stain  differently  from  healthy  white 
mattei  ii  !,r  l.y  i  hi  teed 

Aontliri  method  of  research  which  leads  to  the  same  results  as 
the  degeneration  method  is  oa  •    emluyological  method.    The 

nerve-fibi<  grow  from  different  groups  of  nerve-cells  become 

fully  developed  at  different  dates,  and  so,  by  examining  hi 
cords  of  embryos  of  different  ages,  one  is  ablo  to  make  out  individual 
have  blended  in  the  general  mass  of  white  matter. 

We  sin  11,  1 1  return  to  this  subject  when  later  on  we  arc 

studying  the  physiologj  of  the  central  nervous  system  in  detail 


The  Significance  of  Nisei's  Granules. 

If  portions  of  the  brain  or  spinal  eonl  are  fixed  in  absolute  alcohol, 
and  sections  obtained  from  the  hardened  pieces  are  stained  by  means 
of  methylene  blue,  the  nerve  i-ells  exhibit  a  characteristic  appearance. 
The  nucleus  and  nucleolus  take  up  the  blue  stain,  and  mroughont 
the  cell  body  a  number  of  angular-sliapcd  masse-,  which  are  tea 
NissTs  granules,  are  also  stained  blue.     These  extend  some  distance 
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iiit.n  the  <lendn>ns.  hut  lint  fotO  the  BOD.  'I'ln-  su'ismum-  of  which 
they  are  composed  is  termed  chromaioplasm,  or  chromophUit  material. 
The  existence  of  granules  ™  cell*  which  have  an  affinity  for  basic 

i  like  methylene  blue  is  not  at  all  common;  the  granules  in  the 
majority  of  the  white  blood  corpuscles,  for  instance,  have  an  affinity 

Micro-chemical    methods  iiiwn  that  (foe 

constituent,  of  the  Nissl  gnu:  'teid.     The  name kinrtn- 

plasm  has  been  given  to  it  by  Marinesco  in  order  to  express  the  idea 
that  it  forms  a  source  of  energy  to  the  cell.  It  can  hardly  be  denied 
i hit  the  substance  of  which  the  granules  are  composed,  fanning  as 
it  does  so  large  a  proportion  of  the  cell-contents,  and  made  of  a 
material  in  which  nuclein  forma  an  important  constituent,  is  intimately 
related  to  the  nutritional  condition  of  the  neuron.  Some  have  even 
compared  it  to  the  granular  material,  which  is  present  in  secreting 
cells;  in  these  cells  before  secretion  occurs,  the  granules  accumulate, 
and  during  the  act  of  secretion  they  are  discharged  and  converted 
into  constituents  of  the  secretion.  It  is  stated  by  some  observers 
that  the  Nissl  granules  are  used  up  during  the  discharge  of  energy 
from  nerve-cells,  and  it  certainly  is  the  case  that  if  the  cells  are 
examined  after  an  epileptic  lit,  In  which  there  has  been  a  very  massive 
discharge  of  impulses,  the  Nissl  granules  I,  or  at 

least  broken  up  into  fine  dust-like  particles,  so  that  the  cell  pres« 
a  more  uniform  blue  staining  (see  fig.  214).  It  is,  however,  doubt- 
ful whether  this  is  due  to  a  transformation  associated  with  intense 
activity,  or  whether  it  may  not  be  caused  by  venosity  of  the  blood. 
The  cells  are  very  sensitive  to  altered  vascular  conditions;  antenna, 
for  instance,  produces  a  similar  change  accompanied  with  swelling  of 
i  In-  cell,  and  swelling  and  in  extreme  cases  extrusion  of  the  nucleus. 
High  fever  ia)  causes  a  very  similar  change,  which  is 

doubtless  associated  with  the  coagulation  uf  the  pruteids  of  the  Dl 
-in  by  the  high  temperature. 

Since  attention  has  been  directed  towards  the  Nissl  granules,  a 
literature  which  has  become  alarmingly  vast  during  the  last  few  years 
has  sprung  up  in  relation  to  them.  Cni  quite  easy  to  nndentand, 
for  neurologists  have  by  this  sonsitive  test  been  able  to  identify 
changes  in  the  colls  which  oo\  Id  not  be  detected  by  the  previous 
methods  of  staining.    Tl  have  been  examined  in  various 

diseases,  and  after  being  subjected  to  the  action  of  various  poisons. 
In  a  new  subject  of  this  kind  there  is,  as  would  be  expected,  consider- 
able divergence  of  views,  ami  even  the  fundamental  question  has  not 
yet  been  answered  eatiiCaotorily  whether,  the  Nissl  granules  arc  present 
as  such  in  the  living  cell,  or  whether,  they  are  artifacts  produced  by 
fixative  action  alcohol     The  fact  that  they  cannot  be 

demonstrated  when  the  oeMa  ore  stained  by  the  injection  of  methylene 
blue  into  the  circulation  bef  animal  is  killed  is  a  very  strong 
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piece  of  evidence  in  favour  of  the  latter  view.  Bat,  whichever 
view  is  correct,  tlie  method  is  a  valuable  one,  and  Ni sal's  views  on 
motion  appear  to  ho  indisputable:  they  are  briefly  as  follows  : — 
Healthy  colls  ued  and  stained  in  ■  oonstaat  nwiwr  will  appose  the 
same  under  constant,  optical  conditions,  and  the  appearances  then 
Been  form  the  eon ival  ch.  health]  lojingfife,     [t  follows 

that  if  the  cells  prepared  hy  the  same  method  EUM3  examined  I 
the  same  conditions  show  ,i  difference  from  the  equivalent  or  symbol 
of  healthy  cells,  the  difference  is  the  measure  of  some  change  that 
lias  i".  cm  red  daring  life. 

Ckromatoij/Hw  is  tlio  loini  applied  to  designate  the  disappear! 


A 

I  !•..  111.— Kiaal'a  itrauuW.  ilal  cell  of  buman  cerebral  MUX.     11.  Swullen  wle- 

m»u>u»  pyramidal  all  horn  »  ••»-••  01  »uiu*  .'pHrpiicu*.    KcUot  dtfltm  itafnlag,  ami  absence  of 

I  'i   granulen :   tli"  IWMJWI  II  nlsrnd  UN   BMWa      Tlie  lyrupli 
dilated.    O.  Pyramidal  coll  of  dop  after  ligature  of  vr«»eli  ga\ntj  to  brain  and  cnnawjiiriit  aiuiinia. 
Notice  great  *w*lllim  of  the  nticieu*,  ml  ndmm-t-i  chi  '  marked  at  the  periphery 

ufth-MTll.    700  diamrtem.     (After  M 

or  disintegration  of  the  Nissl  granules.  Ihfl  process  generally  begins 
at  the  periphery  of  the  cell  and  in  the  de&ctrons,  but  in  advanced  cases 
the  whnk  cell  niii >  l«;  affected.  We  have.  ;dre.ad\  alluded  to  the  fact 
lli.'itchrninatiily^is  i.'Lhmiis  in  vaiioafl  abnormal  StaU  :•<,  ■,im I  Lin-  diminu- 
tion of  thfl  chromophilic  nncleo-proteid  indicates  a  diminution  of  the 
il  interaction  of  the  highly  phosphorised  nucleus  with  the  sur- 
rounding cell  protoplasm.  I  Inomatolysis  alone  is  not  indicative  of 
cell  destruction,  and  a  cell  may  :  :s  function  afterwards.     The 

integrity  of  the  nucleus  and  of  the  fibrils  is  much  mure  ImpOTtml  to 

totaa]  vitality  of  the  o 

When   a  libre  is  cut  across,  the  distal   segmoiit   undergoes 

WaUerian  degeneration  ;  this  is  an  acute  change.     Hut  the  norvo-ccll 
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and  the  piece  of  the  nerve-fibre,  still  attached  to  it  do  not  remain  un- 
affected. If  regeneration  of  the  fibre,  and  rosi  of  function 
takes  place,  no  change  is  observable.  But  if  regeneration  does  not 
occur  (and  it  never  takes  place  in  the  central  nervous  system),  the 
cell  and  its  processes  undergo  a  slow  chronic  wasting ;  one  of  the 
earliest  signs  of  this  disuse  atrophy  is  chromatolysis.  Warrington 
lias  recently  stated  a  still  more  interesting  fact,  namely,  that  section 
of  the  posterior  roots  causes  chromatolysis  in  the  anterior  horn  cells 
of  the  same  side ;  this  indicates  that  the  loss  of  sensory  stimuli  pro- 
■  hires  a  depression  of  the  activity  and  metabolic  functions  of  the 
spinal  motor  cells.  We  shall  see  later  on  that  this  accords  quite  well 
with  the  physiological  effects  observed  undor  these  conditions. 


Classification  of  Nerve-cells  according:  to  their  Function. 

In  addition  to  the  anatomical  classification  of  the  nerve-cells 
already  given,  Schafer  separates  them  into  four  chief  classes  on  a 
physiological  basis: — 

1.  Afferent  or  sensory  root  cells. 

2.  Efferent  mot  cells. 
&  Intermediary  cells. 
4.  Distributing  cells. 

1.  Afferent  root  cells. — Originally  such  colls  are  situated  at  the 
periphery,  and  are  connected  with  a  process  or  afferent  fibre  whu  h 
passes  to  and  arborises  a  be  nerve-cells  of  the  ccni 

system,  This  primitive  condition  is  well  seen  in  the  earthworm,  ami 
Is  in  the  olfactory  cells  of  ah 

As  evolution  progresses,  the  peripheral  cell  sinks  below  the  in- 
tegument, leaving  a  process  at  the  surface;  this  is  seen  in  the  worm 
Nereis  (see  fig.  215).  Ultimately  the  body  of  the  cell  approaches 
close  to  the  central  nervous  system,  in  the  spinal  ganglion  of  the 
posterior  root,  and  the  peripheral  sensory  nerve-fibre  is  correspond- 
ingly longer. 

The  afferent  root  cells,  such  as  those  of  the  spinal  ganglia  and 
the  corresponding  ganglia   of   the  cranial   nerves,  are  in 

possessing  no  dendrons. 

2.  Efferent  root  cells. — The  anterior  horn  cells  of  the  spinal 
are  instances  of  these;  their  axons  go  directly  to  muscle  fibres. 

3.  Intermediary  velk. — These  receive  impulses  from  afferent 
cells,  and  transmit  tl  u  CD  either  directly,  or  indirectly  through  other 

intermediary  cells  to  efferent  cells.    The  majority  o!  tin-  eeua  of  the 

brain  and  cord  eome  under  this  heading  the  pttTpOBM 

association   and   co-ordination,   and    form   the   basis   of    psychical 
phenomena. 

4.  Distributing  cells. — These  are   the  cells   of   the  syiupai! 
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ganglia;  they  are  situated  outside  the  central  nervous  system;  they 
receive  imptui  b  efferent  cells  in  the  central  nervous  system, 

and  distribute  them  to  involuntary  muscles  and  secreting  glands. 

Nereis 


.  -Iiiagram  lu  illuaLrale  Itan  jirlinlnvn  minimum  of  thn  affe r»nt  nnrv«vcrll,  ami  Uir  manner  in 
- '.<jo«*  altered  In  tbo  procoM  <jf  ( Alter  HcUiu*.)    1,  li'tetfiowiit;  O,  central 

nerrou*  ajmum ;  Um  arrow*  ahow  vlio  direction  lu  w)  <  ilwpiMi. 

The  Law  of  Axipttal  Conduction. 

A  general  law  has  been  laid  down  by  van  Clehuchten  and  Cajal, 
that  all  nerve  impulses  are  axi petal,  that  is,  they  pass  towards  the 
attachment  of  the  axon,  b?  which  they  leave  the  body  of  the  cell. 
In  other  words,  the  direction  of  uu  impulse  is  towards  the  body  of 
the  cell  in  the  dondrons,  ami  away  from  it  in  the  axon.  When  we. 
further  consider  that  every  nervous  pathway  is  formed  of  a  chain  of 
cells,  and  that  the  impulse  always  takes  the  "  forward  direction,"  we 
see  that  there  is  what  we  may  compare  to  a  valved  action  which 
permits  the  passage  of  impulses  in  one  direction  only.  The  synapses 
are  the  situations  of  these  so-called  vul 

On  the  onward  propagation  Of  a  nervo  impulse  through  a  chain 
of  neuron*,  its  passage   HI  del  ea<-b    B]  001106  there  is 

additional  "  lost  time  "at  ea>li  of  those  blocks.  The  relative  number 
of  the  blocks,  furnishes  a  key  bo  the  dillV-rences  found  in  reaction 
time  for  different  reflexes  and  psychical  processes.  This  we  may 
illustrate  by  two  examples,  one  taken  from  the  frog,  the  other  from 
man. 

1.  If  a  frog's  posterior  root  is  stimulated,  the  time  lost  IS  the 
1   coiil   when    the   giwii-uc-nemius   ol  the  same  side  <-.on  tracts  is 

0*008  sec;  if  the  opposite  gastroem-iiii:;:.  contracts    the  additional 
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lost  lime   is  0004  sec.     If  W6  MBttBM  that  in  [\u>.  lattor  case,  two 
i.i  synapses  have  bo  i  i,  the  delay  at  each  i^  0002  sec. 

In  the  case  of  the  eye  and  ear  in  man  the  total  length  of  t hf, 
pathway  main  is  ly  the  same,  and  so  the  reaction 

times  might  be  expected  to  be  equal;  but  this  is  not  the  case;  the 
reaction  time  in  a  to  a  sudden  sound  is  0  150  sec,  in  response 

to  a  sudden  flash  of  light  0195  sec.  The  greater  delay  in  response 
to  a  visual  Btmrahu  directly  corresponds  to  the  greater  number  of 
synapses  through  which  it  has  to  travel  (see  later,  in  tin  urn 

of  the  visual  and  auditory  mechanisms). 

The  vit  uis  paths  also  explains  another 

difficulty.  We  have  hcou  iu  p.  173  that  under  certain  circumstances 
a  nervous  impulse  will  travel  in  both  directions  along  a  nerve.  Yet 
when  we  stimulate  the  motor  fibres  in  an  anteriur  spinal  tOOti  Ihfl 
only  i- fleet  is  a  OOUtl  if  muscles;  theft  Ifl  00  effect  propagated 

backwards  in  the  spinal  cord     No  doubt  a  oervoxu  impufee  & 
travel  backwards  to  the  anterio:    !  Is,  but  it.  is  there  extin- 

guished, it  cannot  jump  the  synapses  backwards,  ami   there  is  DO 
negative  variation  to  be  detected  in  a  galvanometer  connected  to  the 
initial  tracts  iu  the  cord. 

The  law  of  axipetal  conduction  ia  no  doubt  true  for  the  majority 
Of  neurone  But  there  is  at  any  rate  one  very  striking  exception, 
namely,  in  the  typical  afferent  root  cells;  here  the  impulse  nanrmi 
bo  the  bodj  of  the  cell  by  one  axon  from  the  periphery,  and  away 
i  voin  it  to  the  spinal  con!  by  the  other.  To  say,  as  some  do,  that  the 
peripheral  process  is  really  a  dendron  because  it  conducts  impulses 
centrifugally  is  simply  arguing  in  a  circle. 


CHAPTER  XV1I1 

THE  CIItCULATORY   SYSTEM 

The  circulatory  system  consists  of  the  heart,  the  arteries,  or  vossels 
that  curry  fchfl  blood  tram  the  heart  to  other  parts  of  the  body,  the 
or  vessels  that  carry  the  blood  bock  to  the  heart  again,  and  the 
capillaries,  a  network  of  minute  tubes  which  connect  the  terminations 
of  the  smallest  arteries  to  the  commencements  of  the  smallest  vims. 
We  shall  also  have  to  consider   in  connection  with  the  circulatory 

system  ii»  ill"  lymphatics,  which  are  vessels  that  convey  badk  the 
lymph  (tin-  Quid  vrimeh  erodes  through  the  thin  mile  <>t"  t&eblood- 
oapillariee)  to  the  large  veins  near  to  their  entrance  into  the  heart, 
ana  (2)  the  large  lymph  sj>aces  contained  in  the  serous  membranes. 

The  Heart. 

This  is  the  great  centra]  pump  of  the  circulatory  qyetaSL  It  lies 
in  tho  chest  between  the  nght  and  left  lungs  (fig.  216),  and  is 
enclosed  in  a  covering  called  the  pericardium,.  The  pericardium  is 
an  instance  of  a  serous  membrane.  Like  all  serous  membranes  it 
consists  of  two  layers;  each  consists  of  fibrous  tissue  containing 
elastic  fibres;  one  layer  envelopes  the  heart  and  forms  its  outer 
covering  or  epicardium ;  this  is  tho  visceral  layer  of  the  pericardium  ; 
tho  other  layer  of  the  pericardium,  called  its  parietal  layer,  is  situ- 
ated at  some  little  distance  from  the  heart,  being  attached  l>elow  to 
the  diaphragm,  the  partition  between  the  thorax  and  the  abdomen. 
The  visceral  and  parietal  layers  are  continuous  for  a  short  distance 
along  the  great  vessels  at  the  base  of  tho  heart,  and  so  form  a 
closed  sac.  This  sac  is  lined  by  endothelium ;  in  health  it  contains 
just  enough  lymph  (pericanlul  fluid)  to  lubricate  the  two  surfaces 
and  enable  them  to  glide  over  each  other  smoothly  during  the  move- 
ments of  the  heart.  The  presence  of  elastic  fibres  in  the  epicardium 
enables  it  to  follow  without  hindrance  the  changing  shape  of  the 
heart  itself;  but  the  parietal  layer  of  the  pericardium  appears  to  be 
incxtensiblc,  and  so  it  limits  the  dilatation  of  the  heart. 

The   pericardium  is  a  comparatively   simple  serous   membrane,   because  the 
organ  it  encloses  is  a  single  one  of  simple  external  form.     All  serous  membranes 
KM 
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i^-n  i-un*. 


arc  of  rfofltritfUCtaN     thus  the  jtUurrt  which  encloses  i\\> ifoag,  .mil  tin 

whit-h  c  M  abdominal  \  i  rrr.i  iliHi-r  frXMD  it  only  in  anatomical  arran^i-mru!. 

The  great  complexity  of  the-  peritoneum  b  clue  lo  Its  enclosing  so  ninny  organs. 

Kvvry  serous  DMmbflUM  COHuKI  Of  I  v^ccral  layer  applied  to  the  organ  or  organs 

It  encloses;  and  a  parietal  layer  continuous  with  this  in  contiguity  with  the  | 

or  body-walk. 

Tho   Chambers  of  the   Heart  —The   interior   of    the    heart   is 

ted  by  a  longitudinal  p  into  two  chief  cavities — right  and 

left.  Eacli  of  those  chambers  is  again  subdivided  transversely  into 
an  upper  and  a  lower  portion,  called  respectively,  auricle  and  ventricle, 
which  freely  communicate  one  with  the  other;  the  ■  I  nurture  of  com- 
munication, however,  is  guarded  by  calves,  so  disposed  as  to  alkffi 

id  to  pass  freely  from 
the  auricle  into  the  ven- 
tricle, hut  Dot  in  the  oppo- 
site direction.  Xben 
thus  four  cavities  in  the 
heart — the  auricle  and  ven- 
tricle of  one  side  being 
quite  separate  bom  those 
of  the  other  (figs.  217.  218). 

Tht  riji  ■■  is  situ- 

ated at  tho  right  part  of  the 
base  of  the  heart  in 
It  is  a  thin  walled  cavity 
of  quadrilateral  shape,  pro- 
longed at  one  corner  into  a 
tongue-shaped  portion,  the 
right  auricular  appendix, 
which  slightly  overlaps  the 
exit  of  the  aorta,  from  the 
heart. 

The  interior  is  smooth, 
being  lined  with  tho  general  lining  of  the  heart,  tho  endocar. 
and  into  it  open  the  superior  aud  inferior  venae  cavte,  or  great  veins, 
which  convey  the  blood  from  all  parts  of  the  body  to  the  heart 
The  opening  of  the  inferior  cava  is  protected  and  partly  covered  by 
B  membrane  called  the  Eusl"  'he.     In  the  posterior  wall  of 

the  auricle  is  a  slight  depression  called  the  fossa  ovalis,  which  corre- 
sponds to  an  opening  between  the  right  and  loft  auricles  which 
exists  in  festal  life.  The  coronary  sinus,  or  the  dilate*!  portion  of  the 
left  coronary  vein,  also  opens  into  this  chain  be  i  \ 

The  right  vtntricle  occupies  the  chief  part  of  the  anterior  surface 

us  well  as  a  small  part  <'f  the  posterior  surface;  it  forms 

tike  ri  'in  of  the  heart.     It  takes  no  part  in  the  formation  of 

the  apex.     On  section  its  cavity,  in  uouS6Q1ftSn06  of  the  encroachment 
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n  of  hnart  ami  lunjis  in.  tit*.  Th»  front 
iHjrtlon  of  tlie  clwal-wall  and  tti«<  imtnr  or  i*ritlol 
layers  of  Uin  plows  awl  pericardium  lure  two  re- 
mand.   TtM>  lunpi  are  partly  collapatd. 
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upon  it  of  thfi  neptum  mwtlfolllaJtlllll.  i*  croso^ntie  (fig.  219);  into  it 

BT8  two  m  the  auri  •  ricular  at  the  bam  and  the  opening 

'nonary  artery  also  at  the  base,  but  n  -lie  left;  both 

•s  are  guarded  by  valves,  the  former  caller!  tricuspid  and  the 


'U 


'         i.        .•litmiidi  »'i'i  v.-iiii..  ■•..!  &  |4ii  ..f  tliHrrljsbt  and  anterior  n»lU)  rumored, 

auaaloalki  iva  ;  '.'.  hepatic  \  n 

I  ,  ?.  right  aui  ■     ■  i  valra;  S",  it 

lilarnl  rliuM- in  Hi*  atH<i'  ipjnary  v«ln  ;    t    f,plmdln  tl  Vamtrtculai  I 

iJJactmt  walla  «>f  tlir  »i  haa  t-H>n  pnwriml  ;  4,  -4, 

rarity  of  Ui»  rlirhi  rmiirlrlr,  Dm  u|>|»t  faun  is  Immediately  behnr  Uie  semilunar  ralrw;  4",  larp 

oolumna  eanvaa ttatatailoi 

|iuiiiiini,n y  artery,  "  all  of  thai  vernal  lining  mm  removed,  and  »  d 

pofil'in  of  II  |irf»'  i  ii  rr  i  lm -irmil-irmr  v»lv<d  ircatUchwl ;  7,  concavity 

■  i  l  In-  *i>tM<- arr.li  i<|iM<i  In  tin   oonl  Vt  lh»  ilnrlin  artfirioana  ;  ft,  aarctiilniR  pari  01  I  inarch 

oov«t~I  a''  ,••  auri.-iilar  appomllx  and  irl«ry ;  C,  plac«d  tetwaen 

H.ii! «!■■  »,,.i  i,  n  carotid  artorlra  ;  In,  Bppondll  of  tha  Irft  Mrlda :  II,  11,  thoouUld'  Of  III* 

l»fl  vntrirl*.  trio  lowar  npire  nnar  tha  apex.    (Allan  Tboiuaun.  i 

Ifttttt  Hmtfwiar.     In  tills  ventricle  are  also  the  projections  of  the 
uo  called  columna-  cai-ncor  (ddMribeci  at  length,  p.  212). 
77ir  U/!  ai/rirlr  is  situated  at  tin;  raft   and  posterior  part  of  the 

base  of  tin'  lir.ui   an.i  is  liest  seen  from  behind.     It  is  quadrilateral, 
and  receiveR  mi  either  side  two  pulmonan'  veins.     The  auricular 
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appendix  is   the  only  part  of  the  auricle  seen  from  the  frout,  and 
corresponds   with   that  on    the   right  aide,  but  is  thicker,  and  tho 


ft 


V. 


8" 

—Tlie  left  auricle  »'nl  ventricle  opened  ami  a  part  of  (Ml  IBtvte  ud  left  walls  removwl.     j. 
-The  lialmonary  artery  baa  been  divided  a'.  Ita  cummrni-miriit  ;  tha  op  ninj  Into  tho  left  ventricle 
it  carried  a  tbort  diaUaee  intu  the  aorta  between  t.u.,1  the  aectoentx  of  theaemilnnar  vain 
the  left  part  of  the  auricle  with  ita  appendix  hu  been  removed.     The  right  auricle  i«  out  of  view. 
1,  the  two  right  nultnunary  veins  em  i  opening*  arc  aeen  withm  the  aun  :• 

■he  part  which  forma  the 
rnnaina  of  the  valve  of  Uia  foramen  otale,  of  which  tlie  err*'  an  towards  the  left  hand 

m  portkm  of  the  wall  of  the  am  round  the  an 

\eutricuUr  orlnee;  8,  8',  tho  cut  surface  of  the  walla  of  the  ventricle,  «e»n  to  become  vary  much 
thlafear  towanta  S".  at  tha  Ipsa  ;  »    a  atnall  part  of  'he  anterior  »all  .if  tin-  loft  ventrtele  which  haa 

i—  i  fmattni  with  the  ;■ ■  pal  am«nof  ootomn  •  mi  n   n  imdot  pftptUuii »" ■  ot*l  lb  R  : 

6.  6,  ■mar  ii  II  papillarea  ;  ft,  the  left  aide  of  the  septum,  between  the  two  ventricle*,  within  tha 
■  of  to*  Ian  ventricle;  a,  al  valve;  7,  placed  in  tl..   Ii  U  i     ■    ■<  the  aorta,  near  Ita 

cuairaanoeroant  and  above  tlM  three  eegrnente  of  IU  semilunar  valve  which  are  hanging  loosely 
together;  7",  the  exterior  or  the  great  aortic  rtmia;  s,  tha  root  of  tho  pulmonary  artery  and  Ita 
semilunar  valvaa;  S'.  tha  separated  purtl-m  uf  '.lie  pula  unary  artery  remaining  attached  to  the 
aorta  by  t,  the  cord  of  the  ductus  arteriosus ;  10,  the  arteries  rising  from  tha  summit  of  the  aortic 
(Allan  ThOJnjaio.) 


interim  mother.     Tlie  left  auricle  is  only  slightly  thicker 

the  right.    The  left  auriculo-veptricular  orifice  is  oval,  and  a  little 

O 


n  side,     There  is  a  depression  '>:i  the 
m   lietween    tin-  ■■stige  of  Lb 

between  Cham,  that  exists  in  foetal 

The  loft  ventricle  occupies  the  chief  part  of  the  posterior  surface. 
In  it  ur»i  two  (  y  close  together,  viz.,  tha  auriculo-v. 

cular  larded  by  the  valves  corresponding  to  those  of 

B  of  the  heart,  viz.,  tlio  bicuspid  or  mitral  and  the  s«/it- 
i       :  penis  tana  hack  part  of  the  base  of 

iole,  and  the  aortic  in  front  and  to  In  this 

ventricle,  a  Is  tha  right,  are  the  oolnnuus  oarnsae,  whir  matter 

oloeely  reticulated,     Thoy  are  chiefly  foun.l  ft  apex 

and  alone  the  posterior  wall    The  walls  of  the  left  ventri 
uro  saarly  half  ai    is  b  is  thickness,  are,  with  the  exception  of  the 
,  about  Lhrea  times  aa  thick  aa  those  of  the  right. 
Capacity   of  the   Chambers.  life    eaofa     ventricle 

.i. tiniu^  itlmiii.  throe  ottQCSS  0!  Monti.     The  capa<  i 


Cavlly  u(  rl  M  ..i.i,,.  .,.. 
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|  i     vif..-Tnt>«van«MOUui  (Ifcium.) 

i  lin  auTJolee  is  rather  loss  than  the  ventricles:  the  thick- 

ness  "f   (heir  walls   is  considerably  loss.     Tim   latter  condition    is 
ted    -    thfi     niall  amount  whioh  (he  auricles  require  in 

^oirungTontrisles;  the  former 
to  the    Irotuo  I  the  vsa  ag  partly  tilled  with  blood 

•t 
Size  and  Weight  of  the  Heart. — The  heart  is  about  6  in 

oahea  (8  em.)  .neatest  width,  and   2| 
imlii's  n",:;  :  :n  )  in   it-  .  The  average  weight  of 

the  heart  in  m  u  to  10  ounces  (about  300  grms.) ; 

its  m  rases  throughout  life   till   middle   age;   it 

dimin  i»ld  age. 

Structure— The   walls   of  tho   heart    are    constructed    almost 

entirely  of  layers  of  muscular  fibres  (tigs.  113  and  220);  but  a  ring 

of   oonnsotivo   tissue,   to   which   some   of   the    muscular  fibres   are 

tad,  is  inserted  between  each  auricle  and  ventricle,  and  forms 

ill    l.Minliuy  of  the  'i  urifulo-veniricular  opening.    Fibrous  tissue  also 

pulmonajy  artery  and  aorta. 
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Tlio  muscular  fibres  of  each  auriolfl  in  in  part  continuous  with 
those  of  the   other,   and   partly   separate;  and   the   same   r« 
holds  true  for  rides.     Some  mi  a  also  pass  across 


Ftfl,  ..<>.    Network  of  muarular  flbr*i  trout  lh«  br»rt  <jf  *  pig.    TV-  nuclrl  »n>  w«ll  altonn. 

(hU-Iti  u 

the  tendinous  ring  which  separates  each  auricle  from  the  correspond  - 
ing  ventricle. 

Endocardium. — As  the  heart  is  clothed  on  the  outside  bj  the 
cpicardium,  so  its  cavities  are  lined  by  a  smoo<  I 
tndeda  which  is  directly  continuous  with  tin-  Internal  lining  of 

the  arterios  and  v.  ins.     i 
endocardium  is  com) tutted  of 

aantiva  tissue  with  a  huge 
admiztaN  of  elastic  Abi 
its  inner  surface  is 
by    endothelium.     Hero   and 
there    muscular    fibres    are 
sometimes  found  in  the  (: 
of  the  endocardium. 

Valves.  —  The     an 
of  the  heart's  valves  is 
such  that  the  blood  can  pass 
only    in    one    directum    (fig. 
221). 

■ 
217)  pn  ■•   m  inci 

•  or  suMm.-  ■  |  the 

mitral  or  bicuspid  valve 
two  such  portion!  (.6,  fig.  218). 
But  in  both  vulves  there  is 
l«etwcen  each   two  principal 
portions  a  smaller  "in- :  bo  that  m  ■edy,  the  I  icuspid  may  be 

described  as  oonwiflting  of  six,  and  the  mitral  of  tour,  portions.    Each 
ion  is  of  triangular  form.     Its  base  is  oonttaraoua  with  the  bases 
u(  the  neighbouring  portions,  so  as  to  form  an  annular  membrane 
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around  the  auric i ili  liar  opening,  ft&d  is  fixed  to  a  tendinous 

ring  which  encircles  the  orifice  l>etween  the  auricle  and  ventricle, 
!  the  insertions  of  the  muscular  fibres  of  both.  In  each 
principal  0U8p  may  lie  distinguished  a  central  part,  extending  from 
base  to  apex,  and  inolndiog  about  half  its  width.  It  is  thicker  and 
much  tottghei  than  1 1  h '  border  jiiivi's  ot  edj 

While  t 'he  buM  Ol  the  cusps  of  the  valves  are  fixed  tO  t-1  ie  tendinous 
■  ■  utricular  Surface  and  borders  are  fastened  by  slender  ten- 
dinous fibres,  the  chord*  (tndivf.rr,  to  the  internal  surface  of  the  walls 
of  the  ventricles,  the  muscular  fibres  of  which  project  into  the 
ventricular  cavity  iu  the  form  of  bundles  or  columns — the  eolumnee 
carnea.  These  columns  are  not  all  alike,  for  wliile  some  are  attached 
along  their  whole  length  on  one  side,  and  by  their  extremities,  others 
are  attached  only  by  ilici:  e\i  remities ;  and  a  third  set,  to  which  the 
name  mttsculi  vapiuama  has  been  given,  are  attached  to  tin  v.Vd  of 
the  ventricle  by  one  extremity  only,  the  other  projecting,  papilla- 
like, mto  the  cavity  of  the  ventricle  (5,  fig.  218),  and  liaving  attached 
to  it  chordaj  tendinea.  Of  the  tendinous  cords,  besides  those  which 
pass  to  the  margins  of  tho  valves,  there  arc  some  of  especial  strength, 
which  pasB  to  the  edges  of  tho  middle  and  thicker  portions  of  the 
'  i  ipa  before  referred  to.  Tho  ends  of  these  cords  are  spread  out  in 
ii  substance  of  the  valvo,  giving  its  middle  pioco  its  peculiar  strength 
d  Li  Highness;  and  from  the  sides  numerous  othi u  more  slender 
and  branching  cords  are  given  off,  which  are  attached  all  over  the 

tricular  surface  of  the  adjacent  border-pieces  of  the  principal 
portions  of  the  valves,  as  well  as  to  those  smaller  portions  which 

B  been  mentioned  as  lying  one  between  each  two  principal  ones. 

Moreover,    the    nuisculi    papillaris   are  so    placed    that,   from    tho 

.summit  of  each,  tendinous  cords  proceed  to  tin-  adjacent  halves  of 

two  of  the  principal  divisions,  and  to  one  intermediate  or  smaller 

ion,  of  the  valve. 

The   preceding  description  applies   equally   to   the  mitral  and 
tricuspid  ralve;  tmfc  it  should  be  added  that  the  mitral  is  considerably 
thicker   and   stronger  than  tho  tricuspid,  in  accordance  with    the 
OT08  which  it  is  callod  upon  to  resist. 

The  semilunar  valves  guard  tho  orifices  of  the  pulmonary  artery 
and  of  the  aorta.  They  are  nearly  alike  on  both  sides  of  tho  heart; 
but  the  aortic  valves  are  altogether  thicker  and  more  strongly  con- 
structed than  the  pulmonary  valves,  in  accordance  with  the  greater 
pressuro  which  they  have  to  withstand.  Each  valve  consists  of  three 
parts  which  are  of  semilunar  shape,  the  convex  margin  of  each  being 
attached  to  a  fibrous  ring  at  tho  place  of  junction  of  the  artery  to 
tho  ventricle,  and  tho  concave  or  nearly  straight  border  being  free, 
bo  as  to  form  a  little  pouch  like  a  watch-pocket  (7,  fig.  218).  In 
tho  centre  of  the  free  edge  of  the  pouch,  which  contains  a  fine  cord 
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of  fibrous  tissue,  is  a  small  fibrous  nodule,  the  corpus  Arantii,  and 
from  this  be  attached  border  fine  fibres  extend  into  every 

part  of  the  mid  substance  of  the  valve,  except  a  small  lunated  space 
just  within  the  free  edge,  on  each  side  of  i  CBB&B.     Here 

the  valve  ia  thinnest,  and  composed  of  little,  more  Eh  endo 

cardium.      Thus  loted    and    attache  1,    tin-    throe    seniiluiiur 

pouches  are  placed  side  by  side  around  the  arterial  orifice  of  eaoh 
ventricle;  they  are  separated  by  the  blood  passing  out  of  the 
ventricle,  but  immediately  afterwards  are  pressed  together  so  as  to 

Pulmonary  rapillana* 


PabMMfy  artery. 

BriMrtor  r%r%  or  train 
fp.mkaad  and  nack. 

RUhtaarid*.       .  -^^^^^ 
InhTkir  rana  ear*- 

Right  ventrldi. 


Pulmonary  vaiaa. 

...     AotU. 

Jtrtarirta    to  liaail   and 
twek. 

Ufl  auricJe. 

.LaArralrlrW. 


Portal  rirrtilatlmi.  ...I 


Oartrte  an<1  i 


Second  ro>»' 
Utlon. 


'mmm..t\r>t  ttnai  circulation. 


sy.umlc  rapjnntaa. 


TtO.  223.  -Diagram  Oi  ll.r  >:iri'iil«Uun. 


prevent  any  return  (6.  fig  217,  and  7,  fig.  2 1 S }.     Opposite.  OH 
the  semilunar  cusps,  both  in  the  aorta  and  pulmonary  art 
is  a  bulging  outwards  of  tills   wall  of   the  vessel:   those  bulgings  arc 
galled  BOS  sinuses  of  Valsalva.     The  valves  of  the  heart  STO  Conned 
of  a  layer  of  closely  woven  connective  and  elastic  tissue,  ovor  which, 
on  every  part,  the  endocardium  is  reflected. 


Course  of  the  Circulation. 


The  blood  is  conveyed  away  from  the  left  ventricle  (as  in    the 
diagram,  fig.  222)  by  the  aorta  to  the  arteries,  and  returned  to  the 


•I 


THE   riTjrur.ATORT    SYSTKM 


[ru.  xvni. 


right  auricle  by  the  mi  veins  bcinq  continuous 

each  othor  at  the  fni  moans  of  the  capillar iaa. 

From  111-'    right  aaridle    thfl   Mi  mil    |  the  ri-ht    ventricle, 

the  puhnonary  artery,  which  divides  into  two,  one  tor  each 

lung,   then   through    the  pulmonary  capillari.-..   and    through   the 

pulmonary  reini   (two   tana  each  lung)  to  the  left  auricle.     From 

here  it  passes  into  the  Is  rials,  which  brings  us  back  to  wh< 

we  started  from. 

The  <  »iti|iletc  circulation  is  thus  made  up  of  two  circuits,  the  one. 

:i  shorter  circuit  htm   the  right  side  of  the  hoart  to  the  lun^s  and 

hack  agai  be  left  side  of  the  heart;  the  other 

and  larger  circuit,  from  the  left  side  of  the  heart 

to  all  parts  of  the  body  and  back  again  to  tin- 

right  aide.    The  circulations  through  the  Lux 

and  1 1  t  ho  system  generally  are  respectr  i 

n  imed   the  Pulmonary  and  Systemic  or  lesser 

and  greater  circulations.     It  will  be  noticed  also 

ire  that  a  portion  ol  the  stream 

of   blood   having   been    diverted   once    into    the 

.Maries  ol  d  canal,  and  some  other 

abdominal  organs,  ami  gathered  up  again  into  a 

le  stream,  is  a  second   time   divided    in  it> 

lu-ough  the  I  i  finally  reaches 

i  in ■  :  d  completes  i  ion     This  rob* 

nrdinate  stream  through   the  liver  is  culled   the 

Portal  circulation.    Asomewlui  I  dm  ilar  accessory 

dation  is  tli.it  through  the  kidneys,  called  the 

Renal  circulation.    The  difference  of  oolonn  in 

fig.  2  licatea  roughly  the  difference  between 

and  venous  blood.     The  blood  is  oxyg 

ated  in   the  lungs,  and   the   formation   of  oxy- 

)i,i-iiiMLflnliin  gives  to  tin-  blood  a  bright  red  colour 

is  oxygenated  or  arterial  Mood  (contained  in 

the  pulmonary  vi-ms,  the  left  side  of  the  heart,  and  systemic  arteries) 

in  m  part  t'  ; sues,  and  the  dcoxygonatcd  hemoglobin 

is  darker  in  tint  than  the  oxyhemoglobin;  iln-  venoua  Mood  passes 

by  the  systemic  \c  i    right  side  of  the  heart  and  puk 

iry  to  the  lungs,  where  it  once  more  receives  a  fresh  supply  of 

on. 

N.B.— It  ihonkL  bowerer,  !»•   noted  tli.il  the  lungs,  like  the  rrst  of  tlir  body, 
arc  also  supplied  with  arterial  blood,  which  reaches  tlu-ni  by  the  bronchial  arteries. 

The  Arteries. 

The  arterial  system  begins  at  the  loft  ventricle  in  a  single  large 
trunk,  the  aorta,  which  al st  immediately  after  its  origin  gives  off 
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in  the  thorax  three  large  branches  for  the  supply  of  I !. 
and  upper  extremities ;  it  then   traverses  the  thorax  and  abdomen, 
giving  off  branches,  some  large  and  some  small,  far  the  supply  of  the 
various  organs  and  tissues  it  passes  on  its  way.     In  tl  m m  ii 

divides  into  two  e.hmf   branches,  for  ilif  supply 
tremities.     The  arterial  branches  wherever  pvOQ  off  divide  and  sub- 
divide, until  tin-  calibre  of  each  subdh  very  minute 
these  minute  vessels  lead  into  capillaries  ire,  as  a  rule, 
placed  in  situations  protected  from  pn            and  other  dan 
are.  with  few  exceptions,  straight  in  their  QOUT86,  and   Frequently 
comuiuiucato    (anastomose     p 

•  ■)    with     other    arteries.      The 

tones  are  usually  given  off  al 
acute  angle,  and  the  Bttm  of  tin  Rcc- 
tional  areas  of  the   brunches  of 
artery  generally  exceeds  that  of  the 
parent  trunk;    and  as  the 
from  the  origin  is  increased,  the  area 
of  the  oombised  branches  ia  inert 

After  deal '  s  are  usually 

found  dilated  (not  collapsed  as  toe 
veinfl  are)  and  empty,  and  it   w.i 

fact  that  their  name  (u/rrqpia,  the 
pipe)   WBJ    given    them,   a3    the 
ancients  believed  that  they  C 
:iii-  to  tip  as  parts  of  the  body. 

As  regards  the  arterial  system  o 
lungs,  tin-  pulmonary  artery  is  dis- 
tributed niuiili  Bfl  the  arteries  belt 
I  systemic  circubi! 

structure. — The  wall  of  an  ail' 
is  composed  of   the  following  three 
coats : — 

(«)  The  external  coot  oi   fWMCa  advtntUia  (figs.  223  ami  224,  a), 
the   strongest  part  of   the  rail    of   the  artery,  is  formed  of  ai ■ 

rh  which  is  mingled  throughout  a  network  of  elastic  fibres. 
At  the  inner  part  of  this  outer  ooa4  the  elastic  network  forms,  in 
some  arteries,  so  distinct  a  layer  as  to  bo  sometimes  called  the 
external  elastic  coat  (fig.  224,  *). 

(b)  The  middle  coat  (fig.   -'24,  m)  is  composed  of  both  muscular 

•.villi  .i  oertain  proportion  of  areolae  tissue.    In  the 

larger  aid  !2C)  its  thickness  is  comparatively  us  well  as 

itely  mi  than  in  the  small  ones;  it  constitutes  the 

greater  part  of  ti  •  J  wall     The  muscular  fibres  are  unstriped 

(fig.  225),  and  are  arranged  for  the  most  part  transversely  to  the 
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long  axis  of  the  artery ;  while  the  elastic  element,  taking  also  a  trans- 
verse direction,  is  disposed  in  the  form  of  closely  interwoven  and 
branching  fibres,  which  intersect  in  all  parts  the  layers  of  muscular 
fibres.  In  arteries  of  various  sizes  there  is  a  difference  in  the  pro- 
portion of  the  muscular  and  elastic  element,  elastic  tissue  prepon- 
derating in  the  largest  arteries,  and  unstriped  muscle  in  those  of 
medium  and  small  size. 

(c)  The  internal  coat  is  formed  by  a  layer  of  elastic  tissue,  called 

fenestrated  membrane  of  Htnlc.     Its  inner  surface  is  lined  with  a 

delicate  layer  of  elongated  endothelial  cells  (fig.  224,  t),  which  make 

it  smooth,  so  that  the  blood  may  flow  with  the  smallest  possible 

amount  of  resistance  from  friction.  Imme- 
diately external  to  the  endothelial  lining 
of  the  artery  is  fine  connective  1 1 
(sub-endotheiial  layer)  with  branched  cor- 
puscles. Thus  the  internal  coat  consists 
of  three  parts,  (a)  an  endothelial  lining,  (4) 
the  sub-endothelial  layer,  and  (c)  elastic 
layer. 

Vasa  Vasorum. —  The  walls  of  the 
arteries  are,  like  other  parts  of  the  body, 
supplied  with  little  arteries,  ending  in 
capillaries  and  veins,  which,  branching 
throughout  the  external  coat,  extend  for 
some  distance  into  tho  middle,  but  do  not 
reach  tho  internal  coat.  Those  nutrient 
vessels  are  called  vasa  vasorum. 

Nerves. — Most  of   the  arteries  are  sur- 
rounded by  a  plexus  of  sympathetic  nerves, 
which  twine  around  the  vessel  vory  much 
They  terminate  in  a  plexus  between   the 
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like  ivy  round  a  tree, 
muscular  fibres  (fig.  227). 


The  Veins. 


The  veimiis  sysiiim  begins  in  small  vessels  which  are  slightly 
laivri   than  the  capillaries  from  which  the.   spring,      These  vessels 
arc  gathered  up  into  larger  and  larger  trunks  until  they  terminate 
16  systemic  circulation)  in  the  two  vente  cavie  and  the 
coronary  veins,  which  enter  the  riglu  ,  and  (as  regards  the 

pulmonary  circulation)  in  four  pulmonary  veins,  winch  outer  the  left 
auricle.  Tho  total  capacity  of  the  veins  diminishes  as  they  approach 
tho  heart;  but,  as  a  rule,  their  capacity  is  two  or  three  times  thai 
of  their  corresponding  arteries.  The  pulmonary  veins,  however,  are 
an  exception  to  this  rule,  as  they  do  not  exceed  in  capacity  the 
pulmonary  arteries.     The  veins  are  found  after  death  more  or  loss 
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collapsed,  owing  to  their  want  of  elasticity.  They  are  usually  dis- 
tributed in  a  superficial  and  a  deep  set  which  communicate  fre- 
quently in  their  course. 

Structure. — In  structure  the  coats  of  veins  bear  a  general 
resomblanr  >;  in  those  of  arteries  (fig.  228).  Thus,  they  possess  outer, 
middle,  and  internal  coats. 

(a)  The  outer  coat  is  constructed  of  areolar  tissue  like  that  of  the 
arteries,  but  it  is  thicker.  In  some  veins  it  contains  muscular  fibres, 
which  are  arranged  longitudinally. 

BnOothtitum. 
8aWn<JoUi«IUl  l»r»r. 
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(h)  The   middle  coat  is  considerably  thinner    than    that   of 

ins  circular  onatrfped  mosoalar  fibres,  nringfak]  with 
•  eJastio  fibres  and  a  large  pn  portion  "f  white  fibrous  I 
In  the  large  veins,  near  the  heart,  namely,  the  mm  cava  and  pul- 
monary veins,  the  middle  coat  is  replaced,  for  some  distance  from 
the  heart,  by  circularly  arranged  striped  muscular  fibres,  continu  u 
with  those  of  the  auricle.  The  veins  of  bones,  and  of  the  central 
nervous  system  and   its   membranes  have  no  muscular  tissue. 

(c)  The    internal    coat    of    veins    has   a    very    thin     fenestrated 
membrane,    which     may    be    absent    in     the    smaller    \cins.     The 
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endothelium  is  made  up  of  a  tgoted  in  the  direction  of  the 

vessel,   but   wider   lliiiti 

Valves. — The  chiei  influence  which  the  veins  have  in  the  circu- 
lation is  effected  with  the  help  of  the  nd  ntained  in  all  veins 
aubjeot  t'i  local  pressure  from  tin           lee  between  or  ne 

1  mi.  The  general  oonetruotfoa  of  these  valves  is  similar  to  thai 
of  the  semilunar  valves  of  tin;  aorta  ami  pulmonary  artery,  already 
doacri  at  their  bee  margins  art;  turned  in  the  opposite  direction, 

i.e.,  toioar.  nl  ol  blood  back- 

ward.   Ti  I  in  pairs,  at  various  distances  in 

different,  veins,  Imt  :ilnu»st  uniformly   in  each  (fig    _2fl).      Tn  the 

tiler  veins  singli  as  are 

often  met  with;  and   three 
four    are    sometimes    placed    to- 
gether, or  near  one  another,  in 
the   lamest  ruoh    as  the 

subclavian,  ;ii  their  junctioB  with 
the  jugnlai  veins.  The  valves 
are  semilunar;  the  anflttaohed 
'tuples  con- 
cave, in  others  straight.  They 
are  composed  of  an  OUtgTOWtb  of 
d  tissue  covered 
with  endothelium.    Their  situa- 

liuii    in     the    siijH-i-fici:il    veins    of 

i lie  forearm  is  readily  discovered 
h\  pressing  along  their  surface, 
in  the  direction  oppo  the 

venons   current,    i.e.,    from    the 

dhow    towards    the    wrist. • ;     when 

little  swellings  (fig.  220,  o)  appear 
in  the  position  of  each  pair  of 
valves  These  swellings  at  onoe  disappSAl  when  the  pressure  is 
removed. 

Valves  are  noli  equally  numerous  in  all  veins,  and  in  many  tl 
are  absent  alt-  They  am  most  numerous  in  the  veins  of  the 

Duties,  and  more  so  in  those  of  the  lea  than  the  arm.     Tin 
commonly  abtmt  in  veins  of  less  than  a  une  in  diameter,  anda  as  i 
genera]  rale,  there  are  few  or  none  in  those  ^  I tioh  are  not  subject  to 
pressure.     Anions  those  reins  which  have  no  valves  may 
•nti'nied  the  rand   inferior  vena    cava,  the   pulmonary 

veins,  the  v. -ins  in  tin  ihe  cranium  and  vertebral  column, 

the  veins  of  bone,  and  the  umbilical  vein.     The  valves  of  the  portal 
tributaries  are  very  inefficient. 

of  Artvrim  Void  Veins. — L\  tnphatio  spaces  are  present 


iu  .  '::7      rtamlllratlon  of  Mr  vim  ami  termination 
I  :.tlri)  cif  Um 
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in  the  coats  of  loth  arteries  ami  veins  In  the  external  coat  of  large 
vessels  they  form  a  plexus  dJ  more  at  less  tubular  vessels.  In  smaller 
vessels  tf  ;r  as  spaces  lined  bj  endothelium.     Sometimes,  as 

in  the  arteries  of  the  omentum,  mesentery,  and  membranes  of  the 
1-rain,  in  the  pulmonary,  hepatic,  and 
splenic  arteries,  the  spaces  are  con- 
tinuous with  vessels  which  distinctly  « 
ensheath     ihc-m— perivascular     lyn<-           * 
phatics  (fig.  2                                                     a. 


•  -_-^r 


%^< 
!%.<$• 


The  Capillaries. 

Tn  all  vascular  textures  SJ 
irta  i >f  the  corpora  cavernosa 
i>f  the  pe&ifl  of  the  uterine  placenta, 
and  of  the  spleen,  the  transmission 
of  the  blood  from  the  minute  branches 
of  the  arteries  to  the  minute  veins  is 
affected  through  a  network  of  capil- 
laries. 

Their  walls  are  composed  Of  endo- 
thelium —a  single  layer  of  elongated 
flattened  and  in ir!  ?o  joined 

and  dovetailed  together  as  to  form  a 
continuous  transparent  membrane 
(fig.  232).  Here  aud  there  the  endo- 
i  ial  cells  do  DOt  fit  quite  accu- 
rate! space  is  filled  Up  with 
cement  material;  these  spots  are 
called  pseudo-stomata. 

The    diameter    of    the    capillary 

vessels     varies     somewhat     in     the 

different    tissues    of   the    body,  the 

i     oonunon    tat/6    being    about 

of  .in    Inch  (12  //).     Among 

unallest    may   be    mentioned 

those   of  the    brain,  and   of    the  fol- 
licles of  the  mucous  membrane  of 
the    intestines;    among  the  largest, 
those  of  the  skin,  lungs,  and  especially  those  of  t&fl   QwdoUa  of 
boni 

The  sis«  of  oapillariee  i  tries  Qeeessarih  in  different  animals  in 
ion   to  the  size  of  their  blood  corpuscles:  thus,  in  the  Proteus, 
the  capillary  circulation  can  just  be  discerned  with  the  naked  eye. 

The  form  of  the  capillary  network  presents  considerable  variety 


Kio.  Sit. -TnuifvwM  fcdl'jn  through  • 
imall  artery  and  rtln  of  the  mucon» 
Bwnbraiiii  <)1  *  i-hiM'i  epialettia;  the 
artery  i«  tl  talc  mSadftnd  tn 
•  ailed,  a.  Artary.  the  h-tter  ta  placed 
In  the  lum«n  of  tbe  tomcI,  t.  endo- 
thelial rell*  with  tiurl.  i  t-lrarly  visible: 

Ml  i   very  thick  1 

iwntracUd  »tat*  of  the  refuel.  Ouui'lv 
It  a  double  wavy  line  inarki  the  elastic 
htytr  of  tli"  tunica  Intbu*.  «.  Tanloa 
-iprrl  irumrular 
nhm  circularly  arranged ;  ttnii 
ara  «mll  mm,  -f  ths  tunica 

odveotitla  -■  Urn  of  nwnrr- 

•»u»  nbro  In  Mctktu,  wiUi  the 
rin-abu  nuclei  of  the  tx>  u 
rhUeoatgi  ' 
Into  tbe  ■urrouDdlni;  connective  Umbo. 
v   hi  tli*  lumen  of  the,  rtttt.    1 1 
Wl»r»   Itnlliat"    the    asm*  as    In    the 
arwry.    The  mnacular  coat  of  lh«  v«ln 
n»|  in  »«*ii  to  b»  nrnefc 
that  of   tin  artery.       ■.    S4U.      (Klein 
and  Noble  Smith.) 
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nr.  tissuos  of  the  body:  the  varieties  consist  principally 
<>f  modifications  of  two  ohief  tdodfl  Of  mesh,  the  rounded  and  the 
elongated.      That   kind   in  whii  h   tin-   meshOfl   or  interspaces  h. 


Pw.  120.— btafTMi  allowing  valrnaof  Wba,     a,  part  of  a  vein  l»l  \  "pen  »n>]  aprtavl  out,  Willi  i" 

of  raKr.*.  »,  longitudinal  taction  of  a  vein,  «liowlng  Uia  appoaitiun  of  the  wIpM  of  the  *alvea  In 
tMr  cioseJ  nut-;.  ,|  rttoo  of  a  .U<:<in.|ivi  vain,  exhibiting  a  awalliiii;  In  tl.u  situation  of  a  pair 
of  vmlvaa. 

iish  or  polygonal  FOOT  Ifl  tbe  most  common,  and  prevails  in 
those  parts  in  which  tlir  oapOlAT)  network  is  most  dense,  such  as 
the  lungs  (fig.  233),  most  glands  and  mucous  tmembranes,  and  the 


Ho.  590.—*,  trim  irltli  valve*   ni«-n.     n,  wiji  vnlir.s  rliieetl ;   aUwiin  vf  Mood  pMdlg  •-'«  l>>  lalwa) 

.Imiin-I.    i.Halt' 

cutis.  The  capillary  network  with  elongated  rneshos  is  observed  in 
parts  in  which  the  vessels  are  arranged  among  bundles  of  fine  tubes 
or  fibres,  as  in  muscles  and  nerves.  In  such  parts,  the  meshes  form 
parallelograms  (fig.  234),  the  short  sides  of  which  may  bo  from  three 
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to  eight  or  ten  times  less  than  the  loug  ones ;  t  he  long  sides  are 
more  or  less  parallel  to  the  ioi 

•  number  of  the  capillaries  and  the  size  of  the  meshes  in  different 
parts  detennino  in  general  the  degree  of  vascularity  of  those  part*. 
The  capillary  network  is  closest  in   the  lungs  and  in  the  choroid 

It  may  he  hold  as  a  general    role,  that   the   more  active   the 

(fans    i»f   an   organ    aro,    the    more    vascular   it  is.     Honco    tho 

narrowness  of  the  interspaces  in  all  glandular  organi,  in  mucous 


r».  Bl HurtMB  »ir«  uf  au  mtuty  fnms  Out  mi— tery  uf  a  IruK,  «.«lw-*0»»l  in  •  f*rO»«mlar  l/ro- 

ptuOf  f  nl.     ^.Ikii'.n).  *ili  H.nnul»rmu«iili  .  1  Iraiuvan* 

■arinaa,  vim  »i>  UidwaUixi  U  Uwa-ivwuiiacauit*.    1,  i>ntImu«  »»— J  ;  lb  ««l<  u  i  ilandi 

-14WI.I  «*-n,'..     ■      (K 

nines,  and   ingrowing  parts,  and   thei  \>i<itl»  in 

and  other  comparatively  inacl 


Lymphatic  Vessels. 

•aves  the  heart  by  the  a  I  <■  heart 

by  the  at  this  last  statement  re.  in  the 

capilUrios  some  of  the  Mood-plasma  escapes  into  tho  cell  spacer 
tissues  and  nourishes  the  tissue-elements.     This  fluid,  winch  is 
lymph,  is  gathered  up  and  carried  hack  again  into  the  hlood  by 
system  of  vessels  called  lymphatic*. 
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The  principal  vessels  of  the  lymphatic;  system  are,  in  statu  I 
like  small  thin-walled  reins,  provided  with  numerous  reives.     The 

beaded  appearance  of  the  lymphatic  vessels  shown  in  Hgs.  23G  and 


Kw.  tti.     C»|MiUry    blood -ve«»elii   frutu   Uic  vinculum  of  nttit,  »!> 

mrrnlmiin.f  wliU-li  \hty  »re  computed.    (Klein--  I  !t!i.) 

dm-  to  i tii-  preeenee  of  these  valves     They  commence  in  fine 

in  the  organs  and  tissues  of  the  body. 

end  they  end  ia  two  trunks  winch  open  Into  the  Large  veins  neaT  the 


Km.  »».-   N'ftw.rk  i.f  capillar) 

lion 

(>,  btralnaj  tanncliM  "f  llir 
|inlra<in»T>»rli't 


Km.  »l.-lr\J<*ud 

|«rj  NNMttmilm 
ofu  alUi  »  l:i»  matf- 
lilfylnc  f'-wT 

<sii»n»->.) 


lieart  (fig.  235).     The  fluid  which  they  contain,  unlike  the  blood, 
passes  only  in  one  direction,  namely,  from  the  line  branches  to  the 

trunk,  and  80  to  thfl  lorafi  veins,  on  entering  which  it  is  mingled  with 
the  stream  of  blood.     In  tig.  2:1.1  the  greatei  pert  'if  the  contents  of 
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■uphii  ii  > -Mssels  will  be  seen  to  pan  through  a  com- 

paratively .unk  oal  duct,  which  finally  empties 

unto  the  blood-st  th«  junction  of  the  internal 

jugular  and  of   bbfl   left  ado.     There  is  a  smaller 

Ihe  lymphatio  vessels  of  tlh 
are  calh-.l  / ■»,  teals,  because  Jly  of  a  meal  con- 

taining fat)  the  fluid  son  tamed  to  ablea  milk  in  appear- 


IjnipUli.-.  .  i        .      . 
Mck,  . 


(Ughl    Maul    jnfulw 


nock,  i«n. 
Tbomi'lr  -luct. 
tj-n  iutda>  uu  win. 


nwpUWllUBI  ■'-)!' 


t  jmfh*!. 
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.  b*Uc*  .4  Ion 


■i  -  lUarmn  or  Uia  prtomjal  |rou|*  of  IjrnpfcaUc  tomU.    (»'iwd  •; 

ihe  lacteala  durii:  eriod  of  digoatiou 

ia  called  rhi/U.    Chyle  il  :;  'itaininp  I  vidod  faUglol»ul.-.-. 

In  so-  earn  posset;  lym- 

jthatic  tjlanu  ■.  i  later  on. 

Origin  of  Lymyk   •  i  Maries  I 

:>*aely -meshed  networks, 
regular  lacunar  spaces  between  tl  uctures  of  which 

•rgaua  at-  In  serous  uiembranes,  such  aa  the 


i  a-  vewoti  of  Ike  head  and  neck  a' 

•I  tacagni).     «.—  Tli«  chart  and 

pel  leap  limn    lm-,«   |.  •  .  'i  Ihu   Irft  «l  le.  and  tin* 

li-fl  mamma  riptarlml  and    llinmn  tiulw I  ha  Irft 

mn,MH  •  ureatpart  «f  iti  Tit* 

principal  lymphatic  reaMOl  and  ulaiul*  am  uliiywn  oa   tin- 

and  face,  and  in  tbe  neck,  axilla,  and  I 
utlnum.    u«tv.'  Internal  jugular  Tan  asd  the 

Damtld  artery,  ilw  upper  aeeamHQg  part  of  tho 

nrked  I.  aud  aborr  tin. 
itvli  aud  lait  j*rt  of  llio  duel 
i-f  th>-  upper  lymphal  i  laphian  in  tlm  d 

tlual  jrlanda,  m  well  aa  thr  cardiac,  and  the  dtop  mammary 
lymi-halii-jt,  ia  aim  »hu"ii. 


Flu.  2S7.— Huperflclal  IjitipliaLir* 

l  arm  tM  paJn  i.( 

Hit'  Inn. I.      I.     .'..  Two  tmall 

gland*  at  I  .  f    UM 

arm.      0.    lOnlinl    lymphatic 

vfwrlx.    7.  Ulnar  lynij.haUr 

vnauba.    S,  ft.   Palmar   arch 

vinphalica.    0,  V.  Outer 

and    Inner    «iU    of    vivln. 

A.  Cephalic  vein.     •!.   IJ»r|l»l 

;    Han  vi'in.  /.  l.'.nar 

v«tn.    The  1)  in  pint  Ira  ar*  r»- 

preaenW  aa   Irian   on    the 
drep  law-la.     (MaaraRiil.) 


■r  and  ntliiT  varieties  of  connective  tissue,  the  cell  spaces 
uiMiiicttte  freely  with    regular  lyujphatic    vessels,     lii   many  cases, 
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though  they  are  formed  mi  the  chinks  and  crannies  between 

irts  which  may  happen  to  form  the  framework  of  the  organ  in 

which  they  exist,  they  art*  lined  by  a  distinct  layer  of  endothelium. 

The  lacteala  offer  an   Ulual  ol   another  mode   of  ori 

nd  dilated  extremities  in  the  villi  of  the  small  intestine 
(see  fig.  38,  p.  27). 

Structure   qf   Lymph    Capillaries — The    slimline   of    Lympl 
capillaries  is  very  similar  to  that  of  blood  capillaries;   their  walls 
consist  of  a  single  layer  of  elongated  endothelial  colls  with  sinuous 
outline,  which  cohere  along  their  edgee  to  form  a  delicate  membrane 


LW'.Al 


H£ 


Flo.  SB.  —  Lvmblmlira  .,f  crolr*]  Irtxiun  of  r*bt4t'«  diaphragm.  «Ulned  wJtll  kllwr  nitrate.  Tba 
■haded  Wckcrouu'l  ia  composed  ol  bundle*  <j(  wkiUs  Bbf»«,  IbUwd  which  '.ho  lymphatic*  U*. 
J,  I.ytniihatK^  linnd  by  long  narrow  en<ktthrlial  oella,  and  ibon-tag  o  valrea  at  frequent  interval*. 

They  differ  from  blood  capillaries  mainly  in  their  larger  and  very 
variable  calibre,  and  in  their  numerous  communications  with  the 
sjMices  of  the  lyiuph-canulicular  system. 

In  certain  parti  of  the  body,  Btoinata  exist,  by  which  Lymphatic 

capillaries  directly  communicate  with  parts  formerly  supposed  to  bo 
closed  cavities.     They  have  liocn   found   in   the  pleura,  and  in  ot-lici 

serous  membranes;  a  Borons  cavity  tin,:-  tonne  a  large  lymph-. 

or  widening  out  of  the  lymph-capillary  system  with  which  it  dim  tlv 

Knunicates. 

A  very  typical  plexus  of  lympliatic  capillaries  is  seen  in  the 
central  tendon  of  I  he  di  ijhragiw  Pie  288  repwaenta  the  appearance 
presented  at  tag  with  silver  nitrate. 
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We  have  now  to  approach  the  physiological  side  of  the  subject. 
and  siu.lv  tin-  means  by  wl  iod  is  kept  in  movement,  so 

that  it  may  convey  nutrimei  I  bo  all  parts,  and  remove  from  those 
parts  the  waste  products  of  their  > 

Previous  to  the  time  uf  II  •  aguest  notions  prevailed 

regarding  the  use  ami  i  nts  of  the  blood.     The  arteries  wore 

supposed  by  acme  to  contain  air,  by  others  to  contain  a  more  subtle 
essence  called  auimal  spirits;   the  animal  s|  .-re  supposed  to 

start  fioiii  tin'  ventricles  of  the  brain,  and  they  were  controlled  by 
tho  soul  which  waa  situated  in  the  pineal  gland.  How  the  animal 
spirits  got  int.-  the  arteries  was  hi  anatomical  detail  which  was 
bridged  across  by  the  imagin atkffi. 

There  was  an  idea  that  the  blood  moved,  but  this  was  considered 

B  a  haphazard,  t<i-a!id-fn»  nin\  tuu-iiI ,  and  confined  to  the  veins. 
The  ]  i  tliat  the  movement  is  in  a   circle  were  discovered  by 

William  Harvey,  and  to  this  amine]  I  discoverer  also  belongs  the 
credit  of  pointing  out  the  methods  by  which  every  physiological 
problem  must  l«e Studied.  In  the  first  place  there  must  ho  correct 
anatomical  knowledge,  and  in  the  second  there  must  be  experiment, 
by  which  deductions  from  structure  can  be  tested;  moreover,  this 
second  method  is  by  far  the  more  important  of  the  two,  Harvey's 
proofs  of  the  oin ml  A  ■     i  a  Icr  lwth  these  beads.    The  structural 

natomioal  hots  upon  which  he  relied  were  the  following: — 

1.  The  existence  of  two  distinct  sets  of  tubes  in  connection  with 
the  heart,  camely,  the  arteries  and  tin-  veins. 

_'.  The  existence  in  the  heart  ami  also  in  the  veins,  of  valves 
which  would  only  allow  tho  passage  of  the  blood  in  one  direction. 

His  experimental  facts  were  the  following: — 

3.  'I'lii'  i  hi-  blood  spurt.  force  and  in  a  jerky  manner 

from  an  artery  opened  during  life,  each  jerk  corresponding  with  a 
beat  of  the  heart. 
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4   That  if  ii  •     irge  i    '      near  ti  id,  the  bearl 

unes  pair,  flaccid,  Bad  iiloodless,  and  on  n  morn  I  of  the  I 
blood  again  II  i 

5.  If  the  a>  I  with  Mood, 
and  cannot  empty  itself  until  the  ligature  is  removed 

6.  Tin-  inents  were  p  malR,  but  by 
ill-:  following  experiment  he  showed  that  the  circulation  is  s  hot  in 
man  also ;  if  a  ligature  is  drawn  tightly  round  a  limb,  no  blood  can 

it  it,  and  it  becomes  pale  and  cold.    If  the  ti| 

so  that  blood  oan  entei  bat  oannot  leave  the  limb,  it  becomes 
swollen.  If  the  iigatorc  is  removed,  the  limb  soon  regains  its  mutual 
appearance. 

7.  Harvey  also  drew  attention  to  the  mot  thai  there  Is  general 
constitutional  disturbance  resulting  from  the  introduction  of  a  poison 
at  a  single  point.,  S3  id  i  bat  I  bd  -  BO  only  be  explained  by  a  movement 
of  tl  I]  over  the  body. 

Since  Harvey's  time  many  other  proofs  have  accumulated;  for 
instance  — 

8.  If   an    artery  is    wuunded,   hamiorrhage    may  be    Stopped 
pressure  applied  between  the  heart  and  the  wound .  but  in  the  case 
of  a  wound  in  a  vein,  the  pressure  must  be  applied  beyond  the  seat 
of  injury. 

9.  If  a  sub  ■■■  iiich,  like  ferrocyanide  of  potassium,  can  be 
readily  detected,  is  injected  at  a  certain  point  into  a  blood-vessel,  it 
will  after  the  lapse  of  a  short  interval  have  entirely  traversed  the 
circulation  and  be  found  in  the  blood  collected  fcom  me  same  point. 

10.  Perhaps  the  most  satisfactory  proof  of  the  oiroulatioi]  is  one 
now  within  the  reach  of  every  student,  though  beyond  that  of  Harvey. 
It  consists  in  actually  seeing  the  passage  of  the  blood  from  small 
art-Ties  through  capillaries  into  veins  in  the  transparent  parts  of 
animals,  snub  us  the  tail  of  a  tadpole  or  the  web  of  a  frog's  foot. 
Harvey  could  not  follow  this  part  of  the  circulation,  for  he  had  DC 
lenses  snffioientlj  powerful  bo  enable  him  to  sac  it.  Harvey's  idea 
•  if  the  i.dn-.ul.i!  ion  here  was  that  the  arteries  carried  the  blood  to  the 
tissues,  which  he  considered  to  he  of  the  nature  of  a  sponge,  and  the 
veins  collected  the  blood  agaiu,  much  in  the  same  way  as  drainage 
pipes  would  collect  the  water  of  a  swamp.    The  discovery  that  the 

is  of  the  arteries  aw  connected  to  the  commencements  of  veins  by 

.i   definite  system   of  small  lnl.es  we  now  call  capillaries,  was  made 

by  Mftlpjghl,  iti  the  year  1061     He  first  observed  them  in  the  tail  of 

and   I^eeowenhoek,  seven  years  later.  BaW  the  circulation 

in  the  Ring  of  the  frog. 

We  can  now  proceed  to  study  some  of  the  principles  on  which 

circulation  depends: — 

The   simplest   possible   way    in   which   we   could   represent  the 
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circulatory  system  is  shown  in  fig.  239  A.  Here  there  is  a  closed 
ring  containing  fluid,  and  upon  one  point  of  the  tube  is  an  enlarge- 
ment (H)  which  will  correspond  to  the  heart.  It  is  obvious  tliat  if 
such  a  ring  made  of  an  ordinary  Higginson's  syringe  and  a  tube  were 
placed  upon  the  table,  there  would  be  no  movement  of  the  fluid  in  it; 
in  order  to  make  the  fluid  move  there  must  be  &  difference  of 
pressure  between  different  parts  of  the  fluid,  and  this  difference  of 
pressure  is  caused  in  the  fluid  by  the  pressure  on  it  of  the  heart 
walls.  If,  for  instance,  one  takes  the  syringe  in  one's  hand  and 
squeezes  it,  one  imitates  a  contraction  of  the  heart :  if  the  syringe 
has  no  valves,  the  fluid  would  pass  out  of  each  end  of  it  in  the 
direction  of  the  two  arrows  placed  outside  the  ring.  When  the 
pressure  on  the  syringe  is  relaxed  (this  would  correspond  to  the 
interval  between  the  heart  beats),  the  fluid  would  return  into  the 
heart  again  in  the  direction  of  the  two  arrows  placed  inside  the  ring. 


»"ii.   Iff     tltllUftt WtltIM  ti fl»  tirfnlat.nri. 

This,  however,  would  be  merely  a  to-and-fro  movement,  not  a  circula- 
tion. Fig.  239  B  shows  how  this  to-and-fro  movement  could,  by  the 
presence  "t  rslrw,  bfl  Dm  verted  into  a  circulation;  when  the  heart 
contracts  the  fluid  could  pass  only  in  the  direction  of  the  outer 
arrow,  wln-it  the  heart  relaxes  it  could  paaa  only  in  the  direction 
of  the  inner  arrow;  the  direction  of  bofefi  arrows  is  the  same,  and 
M  if  (In-  (miitruiinii  and  relaxati  e  heart  are  repeated  often 

h  the  fluid  will  move  round  and  round  within  the  tubular  ring. 

The  main  factor  in  the  circulation  is  difference  of  pressure.  In 
general  terms  fluid  flows  from  where  the  pressure  is  high  to  where  it 
is  lower.  This  difference  of  pressure  is  produced  in  the  first  instance 
by  the  contraction  of  the  heart,  but  we  shall  find  in  our  study  of  the 
vessels  that  some  of  this  pressure  is  stored  up  in  the  elastic  arterial 
walls,  and  keeps  up  the  circulation  during  the  periods  that  the  heart 
is  restin 

Coming  to  different  groups  in  the  animal  kingdom  we  may  take 
the  crayfish  or  the  lobster  as  instances  of  animals  which  possess  a 
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haemolymph  system,  that  is,  there  is  no  distinction  between  blood 
and  lymph.  The  heart  pumps  the  circulating  fluid  along  a  system 
of  vessels  which  distribute  it  over  the  l>ody ;  there  are  no  capih 
Hid  the  hremolymph  is  discharged  into  the  tissue  spaces ;  it  is  thence 
drained  into  channels  which  convey  it  to  the  gills,  and  after  it  is 
a<- rated  there  in  a  set  of  irregular  vessels,  it  is  returned  to  the  peri- 
cardium. It  is  sucked  from  the  pericardium  into  the  heart  during 
diastole,  through  five  small  orifices  in  the  cardiac  wall;  during 
systole  these  are  closed  by  valves.  In  these  animals  the  rate  of  flow 
of  hiemo lymph  is  necessarily  slow. 

In  worms,  the  circulatory  system  is  almost  as  simple  U  in  the 
schema  just  described ;  the  heart  is 
a  long  contractilo  tube  provided 
with  valves,  which  contracts  peri- 
stal tically  and  presses  the  blood 
forwards  into  the  aorta  at  its  an- 
terior end  ;  this  divides  into  arteries 
for  the  supply  of  the  body ;  the 
blood  pas  igh  these  to  capil- 

laries,  and    is    collected    by 
which  converge  to  one  or  two  main 
trunks  that  enter  the  heart  at  its 
posterior  end. 

In  fishes,  the  heart  is  divided 
into  a  number  of  chambers  placed 
in  single  file,  one  in  front  of  the 
other;  the  moat  posterior:  which 
receives  the  reins  is  railed  the 
sinus  vonosu8;  this  contracts  and 
forces  the  blood  into  the  next 
chamber,  called  the  auricle;  this 
forces  the  blood  into  the  next 
cavity,  that  of  the  ventricle,  and 
last  of  all  is  the  aortic  bulb.  From  the  bulb,  branches  pass  to  tin 
where  they  break  up  into  capillaries,  Hid  the  blood  i.s  aerated: 
it  then  once  more  enters  larger  vessels  which  unite  to  form  the 
dorsal  aorta,  whonee  tin;  blood  is  distributed  hv  arteries  to  all 
parts  of  the  Ivody ;  here  it  enters  the  0 ystemic  capillaries,  then  the 
veins  which  outer  the  sinus  (whence  we  started)  by  a  few  large 
trunks. 

Taking  tin;  Crag  U  an  instance  of  an  amphibian,  we  find  the 

heart  more  complex,  and  the  simple  peristaltic  action  of  t.ho  heart 

muscle  as  we  have  described  it  in  the  hearts  of   worm  and  fish, 

no*  correspondingly  modified.     Ibere  is  only  one  ventricle,  but 

there  •  anriolee,  right,  and  left. 


V 


-->' 


Klo.  240.— Tliolir»rt  of  »  frox(Ilan»e«cul»-iil») 
town  the  front.     V,  it  right 

auricle;  A$.  lrft  aurlcln  ;  A,  bulbil*  »rtrn- 
MUi  •livtillng  into  right  »n4  l*ft  ■ 
(Eckor.) 
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The  ventricle  oontaina  mixed   blood,  since  it  receives  arterial 
Hood  tram  the  left  auricle  (which  is  the  smaller  of  tin  two),  aud 
venous  blood  from  the  right  auricle ;  the  right  auricle  reo 
venous  blood  hieh  in  tuni  receives  it  from  the 

systemic    veins.      The 
auricle,  as  in  man,  receives 
the  blood  from  the  pulmon- 
ary Vr 

Whan  i1  icle  con- 

tracts, it  foroes  the  blood 
onward  into  the  aortic  bulb 
which  divides  into  broaches, 
on  each  si  be  supplv 

of  the  head  (fig.  240,  1), 
lungs  and  skin  (fig.  240,  3), 
and  the  third  branch  (fig. 
240,  2),  unites  with  its 
fellow  of  the  opposite  side 
to  form  the  dorsal  aorta  for 
the  suppK  of  ib 
the    body. 

Passing  from  t  Ik- amphi- 
bians to  the  reptiles,  we 
find  the  division  of  the 
ventricle  int<»  two  beginning,  but  it  is  Dot  complete  till  we  Etiach 
the  birds.  The  heart  reaches  its  fullest  development  in  marnnnls, 
and  we  liave  already  desoribod  the  human  as  an  example  el  the 
mammalian  heart.      The  sinus   veiiosns   is  not  as  a  ili, 

chamber  in  the  i n.i iu rii-il i:j ii  heart,  but  is  roprooonted  by  that  portion 

of  the  right  auricle  at  which  the  large  veins  enter. 


Fm.  ML—  The  brut  of  •  frojt  (Raiia  oiculeiiU)  I 

t+ck.  i.».,«ltiut  vrniwiu  opnnwl  :  t.tj.,  Infl  vr>na  ctva 
superior:  c.i.f.,  right  vena  cava  ■itpen> 
can  Innte!  r.p.,  <r*n»  imlmuiuilb ;  A.d..  rii;lii 
•Uriel*;  A.t,,  lift  auricl*;  A.v  ,  opening  o(  communi- 
cation botwwn  the  right  auricle  mid  the  riuut  vauoaua. 
(BekarO 
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The  Cardiac  Cycle. 

Tiir.  series  of  changes  that  000UT  in  the  heart  constitutes  the  cardiac 
cycle.     This  must  M  distinguished  from  t ho  course  • 
The  term  cycle  indicates  that  if  one   observes  the  heart  at  any 
moment,  the  heart  from  that  moment  onwards  o 

ta  changes  until  it  mice  more  ;i-..m 1 1  >< ■  ■   tli.ii 

it  had  at  the  i!"  i  menced,  when  the 

cycle  is  again  repeate<l,  and  so  on.     This  series  of  changes  consists  of 
alternate  contraction   and    r<  !  ia    knou 

systole,  and  relaxation  as  diastole. 

The  contraction  of  auricles  takes  place  simultaneon 

and  constitutes  the  auricular  systole ;  this  is  i  by  the  simul- 

taneous ijoiiti.irti.u   nf   the   two   ventricles,   rentrv;ular  systole,   ami 
by  .:  period  daring  which  the  whole  '.!  [a  iii  b  state  of 

relaxation  or  diastole;  then    the   cvele   Bgata   POmmcnOBS   with  the 
auricular 

Taking  72  a  SBBgS  Dumber  of  heart  heats  per  minute,  i-.irh 

oycle  will   Od  of  a  minute,  or  a  little  more  than  0'8  of   ■ 

may   be  approximately   distributed  in    the   following 
way  :— 

bole         -     nliont 'VI    -    AurU-ulur  diastole 
Ventricular  .systole  .,     0*3  +  Ventricular  diastole 

ToUl  systole 


0-4   r  Joint  diastole 


0-7  =  0-8 
D'fi  -  0'8 
0-4  =  0-8 


If  the  speed  of  the  heart  ia  quickened,  the  time  oeenpied  by 
each  cycle  is  diminished,  but  the  elimination  affects  chielly  the 
diastole.     These  different  parts  of  the  cycle  must  next  be  studied  m 

The  Auricular  Diastole. — Darin  time,  the  blood  from  the 

large  veins  is  flowing  into  the  auricles,  the  pressure  IB  the  veins 

ii  very  low  being  greater  thau  that  in  the  empty  auricles.     The 

blood  expands  the  auricles,  and  during  the  last  port  of  the  auricular 
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diastole  it  passes  on  into  the  ventricles.  The  dilatation  of  the 
auricles  is  assisted  by  the  elastic  traction  of  the  lungs.  The  lungs 
being  in  a  oloBed  cavity,  tin?  thorax,  and  being  distended  with  B 
are  in  virtue  of  their  elasticity  always  tending  to  reooil  and  aquee 
the  air  out  of  their  interior ;  in  so  doing  they  drag  upon  any  other 
organ  with  which  their  surface  is  in  contact:  this  elastic  traction 
will  be  greatest  when  the  lungs  are  most  distended,  that  is  durinir 
inspiration, mid  will  be  more  felt  by  the  thin-w.illod  auricles  than  by 

i  hick -wa lie- 1  lea  of  the  heart. 

The  Auricular  SystoU  is  sudden  and  very  rapid ;  by  contract 
the  auricles  empty  themselves  into  the  ventricles.  The  contraction 
commences  at  the  entrance  of  the  great  veins,  and  is  thence  pro- 
pagated towards  the  auriculo-ventricular  opening.  The  reason  why 
the  blood  does  not  pass  backwards  into  the  veins,  but  onward  into 
the  ventricles,  is  again  a  question  of  prcssur.  ;  the  pressure  in  the 
relaxed  ventricles,  which  is  so  small  as  to  exert  a  suction  action  on 
the  auricular  blood,  is  less  than  in  tin  Tana  Moreover,  the 
aurieulo-ventricular  orifice  is  large  and  widely  dilated,  whereas  the 
mouths  of  the  veins  are  constricted  by  the  contraction  of  tb 
muscular  coats.    Though   there  is  no   regurgit  the   blood 

backwards  into  the  veins,  then  is  a  stagnation  of  tho  flow  of  blood 
onwards  to  the  auricles.  The  veins  have  no  valves  at  their  entrance 
into  tho  auricles,  except  the  coronary  vein  winch  does  possess  a 
valvo;  there  are  valves,  howovcr,  at  the  junction  of  the  subclavian 
and  internal  jugular  win. 

Ventricular  Diastole ;  during  the  last  part  of  tho  auricular  diast<  lie 
and  the  whole  of  the  .Luiicul.tr  systole*  the  ventricles  have  been 
telexed  and  then  tilled  with  blood.     The  dilatation  of  the  ventri' 

ohlefly  brought  about  in  virtue  of  their  elasticity;  this  is  particu- 
larly evident  in  the  left  ventricle  with  its  thick  muscular  coat.     It 
is    equal   to    23  mm,  of  mercury,  and  is  ijuite  Independent  of  the 
elastic  traction  of  the  lunge,  which,   however,  in    the  case    of    I 
thinner-walled  right  ventriol  i  into  pJaj 

Tfie  Ventricular  Systole ;  this  is  the  contract  .ion  of  the  ventricles, 
and  it  occupies  more  time  than  the  auricular  Bjatole;  when  it 
occurs  the  auriculo-ventricular  valve*  are  closed  and  prevent  re- 
gurgitation into  the  auricles,  and  when  the  force  (rf  the  systole 
greatest,  and  the  pressure  within  the  ventricles  exceeds  that  in  the 
large  artern  re  D   them,  the  semilunar  valves  are 

opened,  and  the  ventricles  empty  themselves,  the  left  iuto  the  aorta, 
the  right  iuto  the  pulmonary  artery.  Each  ventricle  ejects  about 
3  ounces  of  blood  with  each  contraction;  the  left  in  virtue  of  its 
thicker  walls  ants  much  more  forcibly  th  an  the  right.  The  greatei 
force  of  the  left  v.nti  iols  is  necessary,  as  it  has  to  overcome  the 
resistance  of  the  small  vessels  all  over  the  body ;  whereas  the  right 
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ventricle  has  only  to  ovorcome  peripheral  resistance  in  the  pulmonary 
district 

The  shape  of  both  ventricles  during  systole  has  been  described  as  under- 
going an  alteration,  the  diameters  In  the  plane  of  the  base  being  diminished,  and 
the  length  of  thfl  VWtrlolei  lUgfatlv  lessened.  The  whole  heart,  moreover,  moves 
toward--  Ac  right  .md  t'orwnrd-  ,  twvtina  OH  il-.  l«itigaxis  and  expoatng  more  of  the 
left  ventricle  anteriorly  than  wbea  it  is  at  rest.  These  movements,  which  were 
first  described  hy  Harvey,  have  becfl  itDOe  Harvey's  time  l>clleved  to  l>e  llu-  cause 
of  the  cardiac  impulse  or  apex  beat  which  is  to  be  felt  in  the  fifth  intercostal 
space  about  three  inches  from  the  middle  Una.  II  I  wis,  hi>we\tr,  been  shown  by 
Haycraft  that  una  only  OCCOT  when  the  chest  walls  An-  open.     When  the 

heart  contracts  in  a  closed  thorax  it  and  10  rotation,  and  the  contraction  is 

earn]  hi  ill  directions.  The  diminution  of  the  heartfe  votaSM 
which  occurs  in  systole  cannot  be  the  cause  of  the  apex  beat ;  it  would  rather  tend 
tn  draw  tin-  cfiMt  wull  inward  li  it  outwards. 

The  apex  beat  is  CaOSed  bv  two  changes  in  the  physical  condition  nf  the  In  art 
In  the  fitSt  ['In' .•■ .-.  imi  -ystole  the  heart  becomes  hard  and  tense,  and  second!},  i'- 
attach  in  cut  to  the  aorta  becomes  rigid  instead  of  being  flexible  as  it  is  in  diastole. 
Thus,  in  systole,  the  heart  becomes  rigidly  fixed  to  the  aorta,  and,  as  this  vessel  i% 
il,  il  leodfl  '  (OpeQOOl  Into  a  straight  line,  hut  is  pit-vented  by  the  BfHflrtfl 
resistance  at  the  two  ends  «.f  tin-  arch.  These  are  (a)  the  resistance  of  the  <  I  >.-.t 
wall  against  the  heart,  and  (>>)  thai  of  the  vertebra-  and  ribs  against  the  thoracic 
aorta.  The  preasore  of  the  heart  against  tin-  cheat  wall  is  coamead  n>  a  small  area. 
'.'  (1  in  the  fifth  atCTCOStaJ  space,  beonae  the  heart  surface  is  much  more  curved 
than  the  intem.il  Ihtir.ieic  •■.  ,11.  Th •■  inrv.  inl  movement  this  pressure  causes  is  the 
apex  beat.  It  must  h<  noted  that  this  movement  is  Dot  0T8f  the  actual  apex  of  the 
heart,  but  Is  eommunk  ited  (nun  an  area  on  the  anterior  cardiac  surface. 


Action  of  the  Valves  of  the  Heart. 

1.  The  A uriculo- Ventricular. — Thfl  difltenaian  of  thfl  ventricles 
with  blood  continues  throughout  thfl   ■  'iod  of  their  du 

The  aurieulo-veiitiicular  valve:  dually  brought  into  place  by 

some   of  the   blood  getting   behind    the  cusps  and  lluiiliu^  them  up; 

by  th.-  time  ili;'.i   (he  diaatolfl  .  plete,  thfl  valves  are  in  appo- 

sition,   ,ui<1    thflj    ;nf    liniily  oloflfld    DV    thfl    lcfliix    cunvut    caused 
Ht  sy stole  The  diminution  in  the  size  of  the 

auriculo-veiitricular  rings  which  occur  during   systole,  renders    the 
aurioulo-veutricular  valves  competent  to  close  these  openings.     The 
LUS  ol  the  cusps  of  the  valves  are  still  more  secured  in  apposition 
One  uuolher,    by    the   simultaneous  contraction  of  the  DM 
papillaris,  whose  chordae  temlineae  have  asocial  mode  of  attach 
fur  tl  i      The  cusps  of  the  aurieub i-vcnt.iicnlar  valves  meet 

not  bv  tl.iii   edges  only,  but  by  the  opposed  surface."-  i  thin 

outer  borders. 

The  musculi  papillares  prevent  tlie  auriculo-vcutricular  valves 
from  being  everted  into  thfl  auricle.  For  the  chorda.1  tendinea'  might 
allow  the  rah  'tack  into  thfl  auricle,  were  it  uoi 

when  I  U  vA  thfl  ventricle   i-'   in' in-lit    bv  itfl  contraction  nearer 

tin-  auriculn-vfntric.nl  ir    orifice,  the    nnisculi    p/ipillircs    mOTfl    r.l i.i i: 
compensate  for  this   by  tii  contraction;  they  hold   the  cords 
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diastole   it  passes  on  into  the   ventricles.     The  dilatatir>n 
auricles  is  assisted  by  the  elastic  traction  of  the  Longs,     The  lungs 

being  in  a  closed  cavity,  the  t&orax,  and  being  distended  with  air, 
are  in  virtue  of  theireti  dwaya  tending  to  raooi]  and  sojieese 

iiir.ii!  onto!  r  i  •. .  -  i  r-  intei  ior ;  in  so  doing  they  ding  anon  any  other 

organ  with  which  ihoir  surface  is  in  contact:  this  elastic  traction 
will  be  greatest  when  the  Lungs  are  most  distended,  that  is  during 

inspiration,  and  will  he  EBON  felt  by  the  Lhin-walled  auricles  than  by 
the  thick-walled  ventricles  of  the  bent. 

Tlie  Auricvi  it  in  sudden  and  very  rapid;  by  contracting, 

the  auricles  mnpty  l.lirmselvcs  iitl  < .  the  vcul  r  irlcrs.  Th.-  cnu traction 
•  oiiirnencos  at  the  entrance  of  the  great  veins,  and  is  thence  pro- 
pagated towards  the  auricul"--. 'entrioulax  opening.  The  reason  why 
the  blood  does  not  pass  backwards  into  the  veins,  but  onward  into 
the  ventricles,  is  again  a  question  of  pressure;  the  pressure  in  the 
relaxed  ventricles,  which  is  so  small  as  to  exert  a  suction  action  on 
llie  auricular  blood,  is  Lett  ihaii  in  the  veins.  Moreover,  the 
auriculo-ventrioular  orifice  in  large  and  w idrly  dilated,  whereas  the 
inmifiK  nf  the  Miiis  are  constricted  by  the  contraction  of  theix 
muscular    coats.      Though    there    is    no    i  lation    of    the    blood 

backwards  into  the  veins,  there  is  a  stagnation  of  the  flow  of  blood 

vards  to  the  auricles.  The  veins  havo  no  valves  at  their  entrance 
into  the  auricles,  except  the  coronary  vein  which  does  possess  a 
valve;  there  are  valves,  however,  at  the  junction  of  the  subclavian 
and  internal  jugular  veins. 

Ventriruhrr  Diastole ;  during  the  last  part  of  the  auricular  diastole 
and  the  whole  of  the  I  systole,  the  ventricles  have   been 

relaxed  and  then  filled  with  blood.  The  dilatation  of  the  ventricles 
is  chiefly  brought  about  in  virtue  of  their  elasticity;  this  is  particu- 
larly evident  in  the  left  ventricle  with  its  thick  muscular  coat.  It 
is  equal   to   23  mm.  of  mercury,  and  is  quite  independent  of  the 

;tic  traction  of  the  lungs,  which,  however,  in  the  case  of  the 
thinner-walled  right  ventricle  comes  into  play. 

The  Ventricular  Systole;  this  is  the  contraction  of  the  ventricles, 
and  it  occupies  more  time  than  the  auricular  systole;  when  it 
occurs  the  aurioulo-ventricular  valves  are  closed  and  prevent  re- 
gurgitation into  the  auricles,  and  when  the  force  of  the  systole 
is  greatest,  and  the  pressure  within  the  ventricles  exceeds  that  in  the 
large  arteries  which  originate  from  them,  tho  semilunar  valves  are 
opened,  and  tho  ventricles  empty  themselves,  tho  loft  into  the  aorta, 
the  right  into  the  pulmonary  artery.  Each  ventricle  ejects  about 
3  ounces  of  blood  with  each  contract  ion  :  tin-  left  in  virtue  of  its 
thicker  walls  acts  much  more  forcibly  than  the  right.  The  greater 
force  of  the  left  ventricle  is  necessary,  as  it  has  to  overcome  the 
resistance  of  the  small  vessels  all  over  the  body ;  whereas  the  right 


ventricle  has  only  to  overcome  peripheral  resistance  in  the  pulmonary 
disti; 

The  shape  of  both   ventricles  during  systole   has   been  described  as  under- 
going an  alteration,  the  diameters  in  the  plane  of  the  base  being  diminished,  and 
the  length  of  the  NBMdM  tUgfatlv  Icsm.ik.iI.     The  whole  heart,  moreover,  m 
towards  the  right  and  forward  is  and  exposing  more  of  the 

left  ventricle  anteriorly  than  when  it  is  at  rest.  Thate  inm.-rnciits.  which  were 
first  described  In    Harvey,  have  be  y  ,s  time  believed  to  be  the  CM 

of  the  cardiac  impulse  or  apex  beat  which  is  to  be  felt  in  the  fifth  intercostal 
•pace  about  three  I  im  ihc  middle  line.     It  has.  howetcr,  been  sIiohm  Ic, 

Hayeraft  that  these  changes  only  occur  wlini  the  chest  walls  are  open.  When  the 
heart  contracts  in  a  closed  thorax  it  undergoes  no  rotation,  and  the  contraction  Is 
concentric,  that  i.s.  BOUft]  m  ill  direction*  The  diminution  of  the  beart'j  vohuM 
which  occurs  in  systole  cannot  be  the  cause  of  the  apex  beat  :  it  would  rather  tend 
to  draw  the  chest  wall  inwards  than  push  it  outward-. 

The  apex  beat  is  HMUfd  l»v  two  changes  in  the  physical  condition  of  the  heart. 
In  the  first  pi  u  itok  tbfl  bear!  becomes  bard  and  tana,   tad   ••  rondly,  its 

attAchmciit  In  the  aorta  Incomes  rigid  instead  of  being  llesible  as  it  kl  i"  diiistole. 
Thus,  in  systole,  the  heart  becomes  riL'iilly  lixed  to  the  aorta,  and,  as  this  vessel  | 

out  loto  i  rtxaignt  line,  but  is  prevented  by  the  countcr- 
resislaoee  at  the  two  ends  <>f  the  arch.  These  arc  (a)  the  resistance  of  t lie  |  hesl 
wall  against  the  heart,  and  ('.)  that  of  the  vertebra-  and  ribs  against  the  thoracic 
aorta.     The  pressure  of  the  heart  against  the  chest  wall  is  confined  to  a  small  area. 

i  ted  in  the  fifth  Intercostal  spice,  because  the  heart  surface  is  much  more  curved 
than  the  Internal  thoracic  wall.  The  i.>r«  ml  movement  this  pressure  causes  is  the 
apex  beat  It  must  be  noted  that  this  moTOirilWf  it  not  over  the  actual  apex  of  the 
heart,  but  Is  communicated  from  an  area  on  the  anterior  cardiac  surface. 


Action  of  the  Valves  of  the  Heart. 

1.    The  Anricuio-VcrUricuJar. — The  D  of    the    ventricles 

with  blood  continues  throughout  the  whole  period  of  their  diastole. 
The  auricuhi-ventricular  valves  are  gradually  brought  into  place  by 
some  of  the  blood  gci    i  hind  the  cusps  and  floating  them  up; 

by  the  time  that  the  diastole  is  complete,  the  valves  are  in  appo- 
sition, and  they  are  firmly  closed  by  the  reflux  current  caused 
by  the  systole  of  the  ventricles.  The  diminution  in  the  size  of  the 
auriculo-ventricular  rings  which  occur  during  systole,  renders  the 
auriculo-ventricular  valves  competent  to  close  these  openings.  The 
margins  of  the  cusps  of  the  valves  are  still  more  secured  in  apposition 
with  one  another,  by  the  simultaneous  contraction  of  the  musculi 
MgriUaxefl,  whose  chordae  tendineae  have  a  special  mode  of  attachment 
for  this  object.  The  cusps  of  the  auriculo-ventricular  valves  meet 
not  bv  ill -it  edges  only,  but  by  the  opposed  surfaces  of  their  thin 
outer  borders. 

The  musculi  pupillares  prevent  the  auriculo-ventricular  valves 
from  being  everted  into  the  auricle.  Foi  the  chords  tandiiieeB  might 
allow  the  valves  to  be  pressed  baok  into  the  auricle,  were  it  not  that 
when  the  wall  of  the  ventricle  is  brought  by  its  contraction  ru 
the  auriculo-ventricular  orifioe,  the  musculi  papillares  more  than 
compensate  for  this  by  their  own  contraction;  they  hold  the  cords 
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tight,  and,  by  polling  down  the  valves,  add  slightly  to  the  force  with 
which  tli-.'  blood  is  exjielled. 

These  state:  tally  to  tin-  aurmolo-ventricalar  vol 

on  both  sides  of  the  heart;  the  closure  of  both  is  generally  com] 
every  time  the  ventricles  contract.     But  in  some  circumstances  the 
bicuspid  valve  does  not  completely  close,  and  a  certain  quantity  of 

"I  is  forced  back  into  the  auricle.     This  Ins  been  called  its  safety- 
valve  arlion.     The  circumstances  in  which  it  usually  happens  a 
in  which  the  vessels  of  the  KuBg  arc  already  QOmpletelv  full  when  the 

right  '.  ■ ,  ui  certain  pttlmonax j  diseases,  and 

in  very  active  muscular  exertion.     In  those  case*,  the  tricuspid  v. 
does  not  completely  close,  and  the  regurgitation  <>i  the  blood  may  be 

licated  by  a  pulsation  in  the  ju<juLr  veins  synchronous  with  that 
in  the  carotid  arteries. 

2.  Tlte  SewiJuv  m — The  ix>mmenoemenJ  of  the  ventriculai 

systole  precedes  of  the  mn  i  ic  valves  by  a  fraction  of  a 

second,  as  is  proved  by  •-  cords  of  the  il  frieuhir 

aortic  pressure  curves  taken  simultaneously.     The  first  result  of 
contraction  of  the  ventricles  is  the  closure  of  the  auriculo-ventricular 
reives,  and  as  soon  as  this  has  been  effected  the  intra  ventric 

i  ssure  begins  to  rise.  It  quickly  reaches  a  point  at  which  it  equals 
the  aortic  pressure,  ami  then  exceeds  it,  and  as  soon  as  this  pressure 
difference  has  been  established  the  aortic  valves  are  opened  and  blood 

-s  fi i mi  tin-  ventricle  into  the  aorta.  The  valves  are  kept  open  as 
long  as  the  intra  rentrioulai  pressure  exceeds  the  aortic,  but  as  soon 
as  the  heart  has  emptied   Its*  rials  begins  to  relax,  its 

internal  pressure  consequently  logins  to  fall,  and  an  instant  is 
quickly  reached al  which  it  la  exceeded  by  the  aortic.  The  blood, 
therefore,  tends  to  flow  m  the  aorta,  and  in  so  doing  fills  op 

the  pockets  of  the  semilunar  valves,  which  have  alwa;,  ined 

partly  tilled,  and  brings  them  together  wi  iri>  movement,     The 

movant 'tits  lit  the  valves  are  therefore  effected  by  the  occurrence  of 
differences  of  pressure  upon  tin ■: i  two  faces.     When  they  meet,  t! 
completely  close  the  orifice,  because  their  inner  edges,  which  are 
thinner   than    the  rest  of   the  valves,  are  brought  into  opposition 
and  held  •"  I'V  the  hi.  UN  acting  an  their  aortic  surfaces 

M||h. 

The  Sounds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  ol  the  heart,  two  Bound* 
may  be  hoard  ;it,  every  beat  of  the  heart,  which  follow  in  quick 
succession,  and  are  succeeded   by  a  pautt  or  period  of  Bil 

first  or  systolic  sound  is  dull  and  prolonged ;  its  oommenoement 

Inoides  with  the  impales  "f  the  h  dost  the  cheRt  wall,  and 

just  precedes  the  pulse  it   the  wrist.     The  second  or  diastolic  sound 
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is  shorter  and  sharper,  with  a  somewhat  flapping  character,  md 
follows  close  after  tin-  arterial  pulse  The  periods  of  time  occupied 
respectively  by  the  two  sounds  taken 

near!  Thus,  according  to  Walshe,  if  the  oardiao  cycle  be 

divided  into  tenths,  the  first  sound  occupi  ihe  second  Bound, 

■fa;  the  first  pause  (almost  imperceptible),  -fa]  and  the  seeond  i 
■fo.     The  sounds  are  often  but  somewhat  inaptly  compared  U)   the 
syllables,  lubb — d 

The  events  winch  i  <da,  in  point  ol  time,  with  the  first 

re  (1)  the  contraction  of  the  ventricles,  (2)  the  Ural  part  of 

the  dilatation  oi  the  auricles,  (3)  the  h  Baton  i  i  the  aimoulo-ventrioulaa 

0,(4)  the  opening  of  the  semilunar  valves, and (5)  the  propul- 
sion of  blood  into  the  arteries. 
The  sound  is  succeeded,  m 
about  one-thirtieth  of  a  second, 
bj  the  pulsation  of  the  facial 
arteries,  ami  in  aboot  one-sixth 
of  a  second,  by  the  pulsation 
of  the  arteries  at  the  wrist 
The  second  sound,  in  point  of 

,  immediately  follows  the 
cessation  of  the  ventricular 
contraction,  and  corresponds 
with  (a)  the  tension  of  the 
semilunar  valves,  (b)  the  MB 
tinned  dilatation  of  the  auricles, 
(c)  the  commencing  dil.ii 
of  the  ventricles,  and  (rf)  the 
opening  of  the  auriculo-\ 
cular  valves.  The  pause  innue- 
diatelyfollow8  the  sccondsound, 
and  corresponds  in  its  first  part  with  the  completed  distension  of 
the  auricles,  and  in  its  secoml  with  their  contraction,  and  the  00m- 
pleted  distension  of  the  ventricles;  the  auriculo-ventricular  valves 
are  open,  and  the  arterial  valves  olosed  during  the  whole  ol  the 
pause. 

Causes. — The  exact  cause  of  the  first  sound  of  the  heart  is  a 
matter  of  discussion.  Two  factors  probably  enter  into  it,  viz.,  first. 
the  vibration  of  the  auriculo-ventriculur  valvts  and  the  c?wd<e  tendinea. 
This  vibration  is  produced  by  the  increased  intraventricular  pleasure 
set  up  when  tl. e  ventrfi  t'llc  ooinmences,  which  puts  the  valves 

mi  the  stretch.  It  is  nol  unlikely,  too,  that  (be  nhratiou  of  the 
ventricular  walla  themselvef  sod  a  the  aorta  and  pulmonary  artery, 
all  of  which  parts  are  suddenly  put  into  a  state  of  tension 
at  the  moment  of  ventricular  contraction,  may  have  some  part  in 


:  . 
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producing  the  first  sound.  Secondly,  tht  muscular  sound  produced 
by  contraction  of  the  masa  of  muscular  fibres  which  forms  the 
ventricle.     Looking  apos   the  contraction  of  the  heart  as  a  single 

:iction  and  not  as  a  series  of  contractions  or  tetanus,  it  is  at 
first  sight  difficult  to  see  why  there  should  lie  any  muscular  sound 
it  all  whan  the  heart  contracts,  as  a  Bingle  action 

does  not  produce  sound.  It  has  been  suggested,  however,  that  it 
arises  from  the  repeated  unequal  tension  produced  when  the  wave 
of  muscular  contraction  passes  along  the  very  intricately  arranged 
fibres  of  the  ventricular  walls.  Many  regard  the  valvular  element  is 
the  more  important  of  the  two  factors,  because  the  sound  is  loudest 
il  lirst,  when  the  vibration  of  the  valves  commences,  and  fades 
away  as  tho  vibrations  cease.  If  the  sound  was  mainly  muscular, 
it  would  be  loudest  when  the  muscular  contraction  was  most  powerful, 
which  is  approximately  about  the  iniddlo  of  the  ventricular  systole. 
The  facts  of  disease  lend  support  to  the  theory  that  tho  first  sound 
is  mainly  valvular;  for  when  the  valves  are  inoompeteilt,  the  first 
sound  is  largely  replaced  by  a  murmur  due  to  regurgitation  of  blood 
into  the  auricle.  After  tho  removal  of  the  heart  from  the  body,  the 
muscular  contribution  to  the  first  sound  is  audible,  but  it  is  very 
faint.  It  is  stated  to  have  a  somewhat  lower  pitch  than  the  valvular 
Bound. 

There  is,  on  tho  other  hand,  much  to  bo  said  against  the  view 
that  tho  cause  of  the  first  sound  is  entirely  or  even  largely  due  to 

lion  of  the  auriculo-ventricular  valves.  Any  sound  produced 
by  the  valves  must  be  very  quickly  damped  by  tho  high  pressure 
acting  on  their  ventricular  surfaces  only.  Tho  sustained  chain  n  r 
of  the  sound  (throughout  practically  me  whole  oi  tin-  ventricular 
systole)  is  on  the  ind  exactly  what  is  to  be  expected  if  it  is 

of  muscular  origin.  The  argument  that  tho  extent  to  which  the 
muscle  sound  contributes  to  the  production  of  the  first  sound  can 
Ixj  judged  from  the  sound  heard  in  an  isolated  and  empty  heart  is 
quite  fallacious,  since  under  these  conditions  the  muscle  is  contract- 
ing against  no  resistance. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  i In- 
first.  It  is  entirely  due  to  the  vibration  consequent  on  the  sudden 
stretching  of  the  semilunar  valves  when  they  are  pressed  down  across 
the  orifices  of  tho  aorta  and  pulmonary  artery.  The  influence  of 
these  valves  in  producing  the  sound  was  first  demonstrated  by  Hope, 
who  experimented  with  the  hearts  of  calves.  In  these  experiments 
two  delicate  onrved  needles  were  inserted,  one  into  the  aorta,  and 

bar  into  the  pnln  utery,  below  tho  line  of  attachment  of 

the  semilnna  .  and,  after  bein<.'  -  about  half  an 

inch,  were  brought  out  again  through  the  coats  of  tho  respective 
vessels,  so  that  in  each  vessel  one  valve  was  included  between  the 
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il  walls  and  the  wire  CTpon  applying  the  stethoscope  to  the 
vessels,  after  such  an  operation,  the  second  sound  ceased  to  be 
audible.     Disease  of  these  valves,  wbt  ent  to  interfere  with 

their  efficient  action,  alsu  demonstrates  the  same  fact  by  modifying 
the  second  sound  01  destroying  its  distinctness. 

The  contraction  of  the  flu  ifl  inaudible. 

The  first  sound  is  heard  listinetly  at  the  apex  beat  in  the 

fifth  interspace;  the  second  sound  is  best  heard  over  the  second  right 
costal  cartilage — that  is,  the  place  where  the  aorta  lies  nearest  to 
the  surface.  The  pulmonary  and  aortic  valves  generally  close  simul- 
taneously. In  some  cases,  however,  the  aortic  may  close  slightly 
before  the  pulmonary  valves,  giving  rise  to  a  "  reduplicated  second 
sound."  The  pulmonary  contribution  to  this  sound  is  Usi.  heard  over 
the  second  lift  oarlilage. 


The  Coronary  Arteries. 

The  coronary  arteries  are  the  first  branches  of  the  aorta;  tbej 
originate  from  the  sinuses  of  Valsalva,  and  are  destined  for  the  supply 
of  the  heart  itself;  tho  entrance  of  the  coronary  vein,  into  the  right 
auricle,  we  have  already  Been  (p.  207). 

Ligature  of  the  coronary  arteries  causes  almost  immediate 
death;  the  heart,  deprived  of  its  normal  blood-supply,  beats  irregu- 
larly, goes  into  fibrillary  twitchings,  and  then  ceases  to  contract 
altogether. 

In  fatty  degeneration  of  the  heart  in  man,  sudden  death  is  by 
no  means  infrequent  This  is  in  many  cases  due  to  a  growth  in 
thickness  of  the  walls  of  the  coronary  arteries  called  atheroma,  which 
progresses  until  the  lumen  of  these  arteries  is  obliterated,  and  the 
man  dies  almost  as  if  they  had  been  ligatured. 

r'-$l*frimo  Aelivn  <tf  (lie  Utart. — This  expn  v. wai  originated  by  Bruckc. 

ill'  Mip'poaed  that  tin-  leraflunar  vaiv,  >  he  orifices  of  Hie  coronary  arteries 

•  luring  the  systole  of  the  heart     Unlike  all  the  other  arteries  of  the  bodv,  the 
coronary  arteries  would  therefore  fill  only  during,  ittlltokl.  Hid  tins  InCTWlcd  fulness 

h  •  .!■  .  hi  tin-  he.-ir!  iMilla  'inn ni_-  lii.-i -i ui'-  areold  msM  the  renl ricta  lo  dUate 
This,  however,  is  incorrect ;  the  valves  do  not  cover  thfl  mouths  of  the  arteries;  and 
at  the  beginniM  of  natou  the  velocity  sad  pressure  m  the  coronary  arteries 

..i..  ;  hut  lata  on  during  lystote  Uk  Ventricals!  wall  is  so  strongly  contracted 
that  the  musculo  tension  becomes  greater  tlnui  Uie  ilffffnafT  pressure,  and  so  the 
i-omiiary  arteries  and  their  branch*!  ire  BOMPtaiaadi  and  (l"v  blood  driven  hack 
into  the  aorta;  the  coronary  arteries  arc  then  again  filled  with  the  conum  9ft 
diastole.  Self-steering  action  of  the  heart  therefore  exists,  but  it  is  brought  about  in 
a  different  way  from  what  BrBcke  supposed. 


Cardiographs. 

A  cardiograph  is  an  instrument  for  obtaining  a  graphic  record 
of  the  heart's  movements.     In  animals  the  heart  may  be  exposed, 
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and   levers  placed   in  oonneotian   with  Its  radons  parte  may  l»o 
employed  to  write  on  a  revolving  blackened  surface. 

A  simple  instrument  for  the  frog's  heart  is  the  following: — 


Ki'  .  14ft.    BhBpk  CantiucraiJi  for  lni«»  heart. 

The  sternum  of  tb<  wing  been  removed,  the  perieardiuiH 

opened*  and  thefneniini  (a  small  band  Erom  the  bach  of  the 

to  the  pericardium)  divided]  tin'  baart  Is 

palled  through  the  opening,  .1  minute  hook 
placed  in  its  apex,  and  thifl  is  fixed  by  a 
silk  thread  to  a  lever  pivoted  at  F  ae  in 
the  figure.  The  cardiac  wave  of  contrac- 
tion starts  at  she  sinus,  this  is  followed 
liy  1  ho  auricular  »y stole,  and  that  by  the 
renttionla]  systole  and  pause.  Thi 
I'Tiinlr.]  ,is  iii  tin-  Hex!,  figure  (fig.  "Ill 
I'Y  movements  of  the  writing  point  at  the 
and  of  the  long  arm  of  the  lever.  Such 
Bppacatttfl  is,  however,  not  applicable  to 
tin"  human  heart)  and  all  the  various 
forms  of  oardiograpo   I  or  1  bis  pur- 

pose am  oiodifioations  ol  Marty's  tambours. 
One    of    those    most    frequently    used    is 
ieted  in  the  next  two  diagrams. 

It  (fig.  2l.r>l  consists  of  a  •up-shaped  metal  box  ever  the  open  front  of  which  is 

•r.  i.-hcd  an  elastic  india-rubber  membrane,  upon  which  is  fixed  a  small  knob  of 

liunl  wood  OX  ivory.     This  knob,  however,  may  be  attached,  as  in  'In    figure,  to  the 

side  of  the  box  by"  means  of  a  spring,  and  may  be  made  Jo  act  upon  a  metal  disc 

attached  to  the  elastic  membrane. 

The  knob  is  for  ippln  ation  tn  the  elicst  -w.ill  over  (lie  apex  beat.  The  box  or 
tambour  communicates  by  means  of  n  air -tight  tube  with  the  interior  of  a 

!  iriiUmr.    in    Q  'lllicctilin    with    whifll    is   a    LoOg    Uld    light    lever.       The    slioek    of  the 

lie. ul  .  uipulsc  being  mmnumicalBd  to  the  ivory  knob  and  through  it  to  the  first 
t  imUnir.  lie  >  T ■••  I  is  at  once  transmitted  by  tin.-  column  of  air  in  the  ekstic  tube 
to  the  Interior  of  the  BOflond  taml>our,  aLso  closed,  and  through  the  elastic  and 
blc  liei  of  tin-  l.tter  to  the  lever,  which  is  plnced  in  connection  with  a  register- 
ing apparal us.  wliieh  consists  of  a  cylinder  covered  with  smoked  paper,  revolving 
with  a  definite  velocity  The  point  of  the  lever  writes  upon  the  paper,  and  a  tracing 
of  the  hoart'l  impulse  or  Ctvrdiotp*axu  is  thus  obtain 


n 
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pause,  the  tremors  at  the  commencement  of  which  are  partly  iustru- 
.  fftll  i  msed  by  the  closure  of  the  semilunar  valves. 

Another  method  oi  ol  g  from  one's  own  heart 

consists  in   dispensing  with  tho  first  tamliour,  and  pi.  i  tobfl 

of  tic  in  one's  nnmt.li,  ami   holding  the  lireeth 

U  keeping  tho  glottis  open.  The  chest  then  acts  as  the  first 
tambour,  and  the  movements  of  the  lever  (cardio-pnoumatogram)  may 
be  written  in  the  usual  way. 

Intracardiac  Pressure. 

Tito  tracings  of  the  cardiograph  are,  however,  very  variable,  and 
their  interpretation  is  a  matter  of  discussion.  A  much  better  method 
of  obtaining  a  graphic  record  of  the  events'^  of  the  cardiac  cycle  con- 
sists in  connecting  the  interior  of  an  animal's  heart  with  recording 


ftO.  248.— A|i|i~:  ma  m  1  Mm  |  I  /r  *»Uinatlnu  Uw>  tMfetlOM  Of  •BltoOK'  I 

prawnr*!,  and  the  production  of  Um  ininulM  of  Um>  hwrt. 

apparatus.     There  are  several   methods  by  which  the  intracardiac 

pressure  may  be  re 

By  placing  two  small  iniliarubber  air-bags  or  cardiac  sound*  down 
tho  jugular  vein  into  the  interior  nepei  li'.elv  of  the  rjfijht  auriclo  and 
the  right  ventricle,  and  a  third  in  an  intercostal  space  in  front  of  the 
heart  of  a  living  animal  (horse),  and  placing  these  bags,  by  means  of 
tone  narrow  tubes,  in  communication  with  three  tambours  with 
levers,  arranged  one  over  the  others  in  connection  with  a  registering 
apparatus  (fig.  248),  Chauveau  and  Marcy  woro  able  to  record  and 
measure  the  variations  of  the  intracardiac  pressure  and  the  compara- 
U\r.  duration  of  the  contractions  of  the  auricles  and  ventricles.  By 
moans  of  the  same  apparatus,  the  synchronism  of  the  impulse  with 
the  contraction  of  the  ventricles  is  also  shown. 

In  the  tracing  (fig.  249),  the  intervals  between  tho  vertical  lines 
represent  period-  of  B  tenth  of  a  second.     The  parts  on  which  any 
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given  vertical  line  falls  represent  simultaneous  events.  It  will  be 
seen  that  the  contraction  of  the  auricle,  indicated  bj  the  marked 
curve  at  A  in  the  first  tracing,  causes  a  slight  increase  of  pressure 
in  the  ventricle,  which  is  shown  at  a'  in  the  second  tracing,  and 
produces  also  u  slight  imj.ulsr-,  which  is  indicated  by  a"  in  the 
third  tracing.  The  closure  of  the  semilunar  valves  causes  a 
momentarily  increased  pressure  in  the  ventricle  at  d',  affects  the 
pressure  in  the  auricle  D,  and  is  also  shown  in  the  tracing  of  the 
impulse,  d*.- 

The  large  curve  of  the  ventricular  and  the  impulse  Gvactngs, 
between  a'  and  d',  and  a"  and  d",  are  caused  by  the  venfcrii 
traction,  while  the  smaller  undulations,  between  B  and  C,  b'  and  c', 
b"  and  c",  are  caused  by  the  vibrations  consequent  on  the  tightening 
and  closure  of  the  auriculo-ventricular 
valves. 

Much  objection  has,  however,  been 
taken  to  this  method  of  investigation, 
First,  because  it  docs  not  udniit  of 
I  ".ill  positive  and  negativo  pressure 
being  recorded.  Secondly,  l*ecause  the 
method  is  only  applicable  to  large 
animals,  such  u  the  horse.  Thirdly, 
because  the  intraventricular  changes 
of  pressure  are  communicated  to  the 
recording  tambour  by  a  long  el 
i  olumn  of  air;   and  fourthly,  because 

tambour  arrangement  has  n 
deney  to  record  inertia  vibru 
Kolleston  re-investigated  the  subject 
with  a  more  suitable  but  rather  com- 
plicated apparatus.  The  principle  of 
the  method  consisted  in  placing  the  cavity  of  a  heart-chain  1-er  in 
communication  with  a  recording  apparatus  by  means  of  a  tube 
containing  saline  solution.  His  recording  apparatus  consisted  of  a 
lever  connected  to  a  piston;  the  upward  and  downward  movements 
of  the  piston-rod  were  due  to  the  varying  pressures  exerted  on  I 
blood  by  the  contraction  and  dilatation  (A  the  heart;  the  rise  and 
fall  of  the  lever  were  controlled  by  the  resistance  to  torsion  of  a 
steel  ribbon  to  which  it  waB  attached.  The  following  ligure  (fig. 
250)  shows  the  kind  of  tracing  ho  obtained       M 

1.  That  there  is  no  distinct  and  separate  auricula i  Lion 

marked  in  the  curves  obtained  from  either  right  or  left  ventricles, 

*  There  civn  be  no  doubt  that  the  point  i>  which  Marcy  considered  to  colnckk 
with  the  closure  of  the  ■ffllillllUT  valves  does  not  really  do  so.  The  closuie  occurs 
much  enrli-T  i>  in  fig.  252). 

Q 


F»u.W».— Tracing  oNTi,  tafia  mnnlir, 

■ad  (H),  of  the  Impulse 
to  b«  read  from  Ml  to  right ;  ob- 
tained   h}    C'lmurmu    and    Marejr'a 
aj>jj*ratm. 


242 


I'HYSIOLOOT   OF    THE    IIKART 


the  auricular  and  ventricular  rises  of  pressure  being  merged  into  one 
continuous  rise. 

2.  That  the  auriculo-ventricular  valves  are  dosed  before  any 
great  rise  of  intraventricular  pressure  above  that  which  results  from 
the  auricular  systole  occurs  (a,  fig.  250).  The  closure  of  this  valve 
does  not  produce  any  notch  or  wave. 

3.  That  the  semilunar  valves  open  at  the  point  in  the  ventricular 


I'm.  340. -Clint!  front  left  ventricle  otiteliifel  by  RuUoatont  aj>[*r*lui ;  tti«  ttaciss*  »bow» 
rtmnqpfc  A  pn  m  . 

systole,  situated  (at  c)  about  or  a  little  above  the  junction  of  the 
middle  and  Upper  third  of  the  ascending  line  (a  b),  and  the  closure 
about  the  shoulder  (r>). 

4.  That  tin-  tiiiiiiriiTiiu  pressure  in  the  ventricle  may  fall  below 
that  of  the  lAmoflphere,  but  that,  fehfl  amount  varies  oonndaraMy. 

Another  method  of  overcoming  the  imperfections  of  Marey's  tam- 
liour  is  by  the  use  of  Hiirthle  s  manometer  (fig.  244).  In  this  the  tam- 
bour is  very  small,  the  membrane  is  made  of  thick  rubber,  and  the 


^ 


no  IH  — B Mbkrt  KUMMbB 

whole,  including  the  tube  that  connects  it  to  tin-  heart,  is  filled  with 
a  strong  saline  solution  (saturated  solution  of  sodium  sulphate). 

The  tracing  obtained  by  this  instrument,  when  connected  with 
the  interior  of  the  ventricle,  is  represented  in  the  next  figure. 

The  auricular  systole  causes  a  small  rise  of  pressure  a  B;  it  lasts 
about  '05  second.  It  is  immediately  followed  by  the  ventricular  con- 
traction, which  lasts  from  B  to  D.  From  B  to  c  the  ventricle  is 
og  up  pleasure,  so  that  at  C  it,  amulfl  the  aortic  pressure.  This 
takes  02  to  04  second.  Just  beyond  c  the  aortic  valves  open,  and 
blood  is  driven  into  the  aorta;  the  outflow  lasts  from  o  to  D  (*2 
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second).    At  d  r.i  ■  ves.    The  flat  part  of  the  om 

spoken  nf  as  the  systolic  plateau,  and  according  to  the  state  of  the 
heart  am  i  pi isBal  resistance  may  present  a  gradual  asc< 

descent  j  if  ooaupiea  shoot  '18  second     Almost  immediately  after  the 

o 


illS. — CUrr»«f  liitmviti,:  mn,     (AlUr  Kurlliln.) 

.lion  begins  the  intraventricular  pressure  falls  below  the  aortic, 
Bd  that  the  aortic  valves  close  near  the  upper  part  nf  t  In-  ilrscent  at  k. 
Tlifaiinmut  of  pressure  m  t  he  heart  is  nieasmnl  bj  a  manometer, 
which  ia  connci-tcil  to  tin-  hear!  tya  tube  containing  a  valve-.  This 
was  first  used  by  Qoltz  anil  (luile.  If  the  valve  permits  fluid  to  go 
only  from  the  heart,  the  manometer  will  indicate  the  maximum  pres- 
sure ever  attained  during  the  cycle.  If  it  is  turned  the  other  way, 
it  will  indicate  the  minimum  pressure.  The  follow  ing  .ire  some  of 
the  measurements  taken  from  the  dog's  heart  in  tei 
of  mercury: — 

Maximum  Minimum 


Left  ventrii  •!•; 
Right  veiitn.  I. 
Right  auricle . 


UO  ram. 

fill  nun. 
20  mm. 


pmwnrti. 
-  80  to  40  mm. 

■  mm. 
7  to  8  mm. 


By  a  negative  (  -  )  pressure  one  means  that  the  mercury  is  Backed  up 
in  the  limb  of  the  manometer  towards  the  heart. 

Another  valuable  instrument  introduced  by  liUrthlc  is  called  the  differential 
manometer.  In  this  Instrument,  two  cannula*  are  brought  into  connection  with 
tambours  (a  and  b)  which  work  on  points  of  a  lever  at  equal  distances  from  and  on 


B  A 

.i,    Diagna  of  Bflrt&tel  flTftmrtir1  Manomnu*. 

opposite  sides  of  its  fulcrum  (r).  The  lever  sets  m  mutton  i  writing  style  (s).  Thla 
instrument  enables  us  to  determine  the  relation*  of  the  pressure  changes  in  any 
two  rarities.  For  instance,  suppose  a  is  connected  to  tlie  left  ventricle,  and  n  to 
the  aorta  ;  when  the  pressure  in  the  ventricle  is  greater  than  that  in  the  aorta,  the 
witting  style  will  ix  raised)  when  Um  MVMRM  i»  the  BOrtl  ll  k  renter  than  III  -it  in 
the  ventricle,  the  style  will  fall :  when  the  two  pressures  are  cqunl.  it  will  be  in  the 
tero  position. 


I'll.'  heart  of  a  healthy  adult  man  contracts  about  72  times  in  a 
minute;   but  many  circumstances  cause  tins  rate,  which  of  course 

'eapondfl  with  that  of  the  arterial  pulse,  to  vary  even  in  health. 
Tin    i  liof  are  age,  temperament,  sex,  food  and  drink,  exercise,  ti 
oi  day,  posture,  atmospheric  pressure,  temperature.     Some  figures 
in  reference  to  the  influence  of  ago  are  appended 

The  frequency  of  the  heart's  action  gradually  diminishes  from  the 
commencement  to  near  the  end  of  life.  DOi  in  Bald  to  rise  again  some- 
what in  extreme  I  &Ufl  : — 


Before  birth  the  average  number 

of  pulsation1".  ptt  minute  is        .       150 
Jul  after  birth     .         .    from  140  to  130 
During  the  first  year    .      ..     I3u  bo 
During  1 1 ».«-  second  year     ,.    lis  to  100 
During  the  third  year  .       ..     100  to    90 


About  the  seventh  year  .    from  90  to  85 
About     the      fourteenth 
year      .  ,,     85  to  SO 

In  adult  age 80  to  70 

In  old  age        .         .        .       ..     70  to  SO 
In  decrepit  ml  .       ,.     75  to  65 


In  health  there  is  observed  a  nearly  uniform  relation  between 
the  frequency  of  the  beats  of  the  heart  and  of  the  respirations;  the 
proportion  being  on  an  average,  1  respiration  to  3  or  4  beate.  The 
same  relation  is  generally  maintained  in  the  oases  in  which  the  action 

of  the  heart  is  nuuiallv  .unlimited,  as  after  food  or  exercise;  but 
iiase  this  rnlation  may  cease. 

Work  of  the  Heart. 

Waller  compares  the  work  performed  l>\  the  heart  in  tin-  day  b0  that  done  by  an 
able  bodied  labourer  working  hard  for  two  hours.  The  heart's  work  consist*  In  dis- 
charging blood  against  pressure,  and  in  imparting  velocity  lo  iL  Thus,  if  V  repre- 
sents the  output  of*  the  heart  per  beat  measured  in  cubic  centimetres,  and  /'  tin 
in.  in  pressure  in  Hie  null,  ■  the  mass  o(  the  blood,  and  t>  the  velocity  imparted  to 
it;  the  work  W  is  given  In   I  he  e<|u;ition  : — 

W       VI'   r  |  mr* 
=  Vydh  r  J  miP 

where  h  Is  the  mean  pressure  in  the  aorta  expressed  in  centimetres  of  blood, 
il  the  density  <>t  tli<-  MimhI,  and  <j  the  acceleration  of  gravity  (981). 

It"  now  (i  is  the  transverse  iccti-in  of  the  anrtie  orifice,  '<  that  of  the  aorta,  I  the 
duration  of  the  ventricular  .systole,  and  f,  the  duration  of  the  cardiac  cycle,  then,  if 
r    i  .  tin  mean  velocity  of  the  blood  in  the  aorta. 


Let  us  assume  that  the  output  of  the  heart  is  110  c.c.   per  beat     The  dm 
of  the  cardiac  cycle  is  0"3  sec.  nnd  that  of  the  ventrical. ir  systole  is  0  3  see.      The 
diameter  of  the  aorta  is  about  3  cms.  and  that  of  the  aortic  orifice  8 'Sana.    Kcmcm- 
brriug  that  the  radius  in  each  ease  is  half  the  diameter,  we  have  s— 

110  -  tr(l-8)r'  -.  0T!  I  *f  x  0*8  x  », 

86*08*  and  r,  ■  19 •if.  cms.  per  second. 

That  is,  i!-  of  th*  blood  <is  it  is  iHstftllrlllil  from  the  tuart  is  ntotU  1\'i  times 

t/rtatrr  tint >.'  tin   ».■  -in  >>A"  itvnflki  ''/•»!>/  Fn  thi  aorta. 

If  //represents  the  mean  intruventrn ruUur  pressure  during  the  time  blood  is 
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being  diM-hargcd  into  the  aorta,  BMOred  in  cms.  of  blood,  and  h  the  mean  aortic 
pressure  over  the  .samr  time,  tlu-n  ■■ — 

Or  a=h+T? 

(86-03)? 

=  * +  %irm 

=  A  +  3-77  en  .  "i  blood 
That  ii,  th,  rum  in '»■.!>  ntlri  afar  prawn  during  th*  //'»i«  //»r  miiifanni  km 

•  '»n/«  377  cwi.  «/  Wu«'/  or  0*38  em*.  «/  mtrrury  higher  than  th< 
prestur*   during  th«  RBN    (MM,       II'.    iMg  M4M  Ha  »ii">«  n.iW.V  priWI'l  SWIM  Mo 
•   '«.i  <i/7  .  |3  r»u.  »>/  mrrcHiy  or  156  onu.  o/  blood/if  \m 

take  tht  density  of  msrrury  as  brim/  18  (ina  (Ml  «/,/A«  Woo//. 

Now  If  £p  represents  the  total  potential  energy  created  by  the  heart  j>er  b<  it. 
then. 

I- ,       \-,„lll 

A  part   i>f  tliis  energy,  fcV,  is  converted  into  kin<  He  .  uergy  since  velocity  is 
Imp  uted  bo  the  blood.     1  his  amount  is  given  by  the  formula : — 

Bk       \Vdv  . 
Irom  these  two  forinulii- 

105  ■  (106  *  3-77)  ergs 
or  =  110  *  105  •  (15977)  grin.  cms. 

=  18453*4  grin. 

Again  Bp       VpdH 

•-'./// 

-  V-. 
// 

15977 

=  40  approximntcly. 
That  it,  •,'„  •>/  tht  total  $m   >".'  •■/  Ms  heart'*  beat  is  KMJ 

When  the  blood  reaches  the  aorta  its  velocity  is  gradually  check'  me  of 

the  kinetic  energy  imparted  to  it  by  the  heart  blNO  '  into  energy  of  pre- 

The  remaining  kinetic  energy  is  given  by  the  equation  :— 

/■,'«'  s  J  mr,- 

-  s 

J7.".  grin.  cms. 

fflMi  (JW  In  |  ■>/"  tfa  i/'w/  in  '/i*  OWM  u  on/y  appr<trimaltly  ,J0  o/  r/c 

tola/  energy  imparted  t»  the  blood  by  the  heart. 

The  Untpu'  <•!  (As  ll-'irf.  -The  first  estimations  of  the  work  of  the  heart,  mud. 
by  Volkmanu  and  Vierordt,  guv   numb  double  tlui.se  stated  in  the  preced- 

ing paragraph.      Recent  research  has  shown  that  their  estimate  of  the  output  of  the 
heart  Wll  CUf CnJTO      Direct  icnts  of  the  heart's  output  have  been  BBUM 

by  Stulnikow  mid  TigcrsledL  The  former  cut  off  by  ligature  Hie  whole  of  Uie 
circulation  in  tin  dog.  and  then  measured  the  amount  of  blood  passing 
■ugh  the  simplified  cireul.il  ion  whieli  consisted  onlj  of  the  pulmowir-i  mideoron- 
ary  vessels  by  means  of  a  graduated  cylinder  interposed  on  the  course  of  the  vessels 
(see  rig.  '-'•'•  -i  J.  Tigerstedt  made  his  observations  by  means  of  a  Stromuhr  (sec  next 
chapter)  inserted  into  the  uorta.  Severe  operative  measures  of  this  kind,  however, 
interfere  with  the  circulation  a  good  deal. 
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Grehant  and  Quinquuid,  and  Zuntr  adopted  an  indirect  method  based  on  the 
comparison  of  Hit-  amount  uf oxygen  absorbed  in  I  In-  luim-s  with  the  uniount  added 
lo  the  blood  in  its  passage  through  I  lie  pulmonary  circulation. 

G.  N.  Stewart  has  Introduced  an  ingenious  method,  the  principle  of  which  is 
i  i'  inllouiiig: — A  solution  of  an  innocuous  substance,  which  can  be  easily  recog- 
nised and  estimated,  is  allowed  to  Aw  for  a  definite  time  and  ata  uniform  rate  int.. 

tin-  heart :  the  substance  selected  was 
mi  chloride.  This  mingles  with  the 
blood  and  passes  into  the  circulation. 
At  a  convenient  point  of  the  vascular 
system,  a  sample  of  blood  is  drawn  off 
just  before  the  injection,  and  an  equal 
amount  during  the  passage  of  the  salt; 
the  quantity  of  the  sodium  chloride 
solution  which  must  be  added  to  the 
first  sample  in  order  that  it  may  contain 
:i.i  much  is  the  second  sample  is  dcter- 
rained.  This  dclrrmiiiiition  give*  the 
extent  to  which  the  salt  solution  has 
bean  mixed  with  Hie  blood  in  the  heart, 
and  knowing  the  quantity  of  the  solu- 
tion winch  h.-is  run  Into  the  heart. 
output  in  a  given  UOM  ciin  be  calculated 
All  these  experiments  liave  been  on 
uimials.  The  results  obtained  neces- 
sarily vary  with  the  site  of  the  animal 
.  ni.i  vitb  tlie  rate  at  winch  the 
heart  is  beating.  If  the  same  relation- 
h "ills  for  man  as  for  animals, 
Stewart  calculates  that  in  a  man  weigh- 
ing 70  kilos,  tin-  output  of  each  venl  i 
pcrsecoiiil  in  0  DOS  of  the  body 

weight.  La.,  about  105  grammes  of 
blood  per  second,  or  s7  grammes  (about 
80  c.c)  per  heart  beat  with  a  pulse  rate 
Zuntz  obtained  rather  smaller 
numbers  by  his  method. 

An  instrument  called  the 
mttrr  was  invented  by  Rov  for  regis- 
tering the  output  of  the  heart.  His 
instrument  was  made  of  metal,  and  oil 
was  used  as  the  transmitting  medium 
in  its  interior.  A  simple  modification 
nf  this  applicable  to  the  heart  of  u  small 
in. .mm  il  Jik.  |  eat  has  been  devised  by 
Barnard.  It  consists  of  an  indiarubl<er 
tenuis  liall  with  a  circular  orifice  cut  in 
one  side  of  it  large  enough  to  admit  the 
heart  :  i  .1 1 M  lube  is  securely  fixed  into 
it  -m.i I i  opening  CO  'he  opposite  side 
..I  the  bnlL  The  animal  is  amratht  i 
and  its  thorax  <iy  m  I  The  animal  is 
artificial    respiration. 


[■paratua,    A  and  H  urn 


TlO.  2S4.-BtolnIkow  a  aj.r 

twu  cylinders  II  tied  with  float*  urovll-l  ultl. 
wTiUng-polTit*  at  their  b|  |  I  do  tube 

i   .if   Ml   Ufiiri  .; 
two,  a  moil  r  from  A  :  n'  aud  tf  from  D.     a  and 
ii,  »re   united  together  anil   ei.fr  the  right 
carotid  artery  ;  rand  v  unite  and  are  ii 
Into  the  auiieriiir  Yrna  rava.     Tin-  remain  in  k- 
branch**  of  the  aorta   » 
cava  are  tied.     II  ia  first  lllled  with  dellbriu- 
»te,l   btOOdi   which   paum  down   i'  in 
right  auricle,  thence  to  the  right  ventricle, 
Inn**  (whin-    It    I*    oxygenated),   and    then 
enter*  the   left,    aid*    .if    the    heart ;     i 

ventricle  expel*  It  by  the  tube  n  luto  A,  w> 
Nat  In  U  falls. 
A»  Bjuu  aa  B  U  empty  Die  tuba*  » 
»!.i.  1.  ware  previously  clamped  are  rrleawwl. 
and  tf  ami  .i  are  ohunped  nnfad.     Jlie  left. 
ventricle  now  eipeW  tin  blood  by  the  tub*  c' 
.- cylinder]}:  fclmnltaneotialy  A  pmptli-a 
iUelf  through    ■   lotO   the   rlKht  side  uf  tin- 
heart.     KlOaf  line*  are  thin  traced   by  the 
I  •  uu  the  lop  uf  the  fl.jaU.  an>l 
»blea  one  to  eatii. 
output  of  the  left  ventricle  In  a  given  time. 
(After  Starling.) 


kept    alive    by 
IK.   pt  r'u  .i.liiin.  i.  ihrn  opened  by  a  rrucial  meision.  the  heart  is  slipped  into  the 
ball ;    the    pericardium    overlaps    the    outside   of   »h«-    lull,  ud    the   apparatus   is 
rendered   air-tight  by    smearing  the  edges  of  the  hole  with  •     ne.     The  four 

corners  ol  the  pericardium  arc  then  tightly  tied  by  ligatures  round  the  irlnss  tube 
just  mentioned.  This  tube  is  connected  by  a  stout  inriiarubher  tube  to  a  Marcy's 
tambour  or  a  piston-recorder,  the  writing-point  of  which  ||  applied  to  ■  iiit.  iug 
blackened  cylinder.     When  the  heart  contracts,  air  will  be  withdrawn  from  the 
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tumbaur  U>  the  rardiometer ;  wlit-n  the  heart  expands,  the  air  will  move  in  the 
reverse  direction.  These  lUUteUWlltl  nrc  Witttn  hy  the  ctul  of  tin  lewr  of  the 
tambour,  and  variations  in  Um  rxcursions  of  Uiin  leva  OOtNSpond  with  1  mations 
in  tlic  amount  of  blond  expelled  from  or  drawn  into  tlu-  heart  with  sysd 
diastole  roApeetlvoly.  By  calibrating  the  instrument  tin-  actual  volume  of  the 
blood  expelled  tan  tie  ascertained. 


Innervation  of  the  Heart. 

The  nerves  of  the  heart,  which  under  normal  circumstances 
control  its  mov-im-nis,  are: — 

I.  Cardiac  bl  of  the  vagus  (inhibitory  fibres). 

Cardiac  branchfli  of  the  sympathetic  (augnientor  and  acoeb ar- 
ator  lihroB)i 

These  pass  to  the  heart  and  termini!*-  in  certain  collections  »f 
ganglion  cells  in  its  wall ;  from  these  colls  fresh  fibres  are  distributed 
among  the  muscular  fibres.  In  addition  to  these  nerves,  which  aro 
efferent,  we  have  to  mention  : — 

3.  The  senBory  or  afferent  ner\*es  of  the  heart,  the  best  known  of 
which  is  called  the  depressor  nerve.  This  nerve,  starting  from  the 
cardiac  tissue,  joins  the  vagus  trunk  ;  it  passes  to  the  bulb,  especially 
to  the  vaao-motor  centre.  We  shall  therefore  postpone  its  study 
until  we  are  considering  the  vase-motor  nerves. 

The  Vagus. — The  ninth,  tenth,  and  eleventh  cranial  nerves  arise 
cIobo  together  from  the  grey  matter  in  the  floor  of  the  fourth  ventricle, 
and  leave  the  bulb  by  a  number  of  rootlets.  These  rootlets  are 
divided  by  Grossmanu  into  three  groups,  a,  b,  and  c ;  there  is  a  good 
deal  of  blending  of  the  rootlets  before  they  ultimately  emerge  from 
the  skull,  but  the  a  group  corresponds  fairly  well  with  the  fibres  of 
the  glossopharyngeal,  b  with  those  of  the  vagus,  and  c  with  iboee  of 
the  spinal  accessory.  The  rootlets  of  the  tenth  nerve  pass  through 
two  ganglia  called  respectively  the  jugular  ganglion,  and  the  ganglion 
trunci  vagi.  The  fibres  of  the  spinal  accessory  nerve  which  join  the 
vagus  are  chiefly  motor,  especially  to  the  larynx,  but  EMS  to  the 

heart.  The  vagus  gives  off  branches  to  many  organs,  pharynx,  larynx, 
heart,  lungs,  oesophagus,  and  various  abdom&UU  organs.  We  have, 
however,  in  tins  place  only  tu  irdiac   fibres.     It  has 

been  known  since  the  experiments  of  the  Brothers  Weber  in  1845 
that  stimulation  of  ono  or  both  vagi  produces  slowing  or  stoppage  of 
tho  beats  of  the  heart.  It  has  since  been  shown  that  in  all  vertebrate 
animals,  this  is  the  normal  result  of  vagus  stimulation ;  the  phono- 
ii  is  called  inhibition,  and  the  nerve-fibres  cardio-inhibitory. 
Section  of  one  vagus  produces  slight  acceleration  of  the  heart ;  'bis 
result  is  better  marked  when  both  vagi  are  divided.  This  show 
the  restraining  influence  of  the  vagus  is  being  continuously  exercised  ;  it 
is,  however,  found  that  the  amount  of  vagus  control  so  exercised  varies 
a  good  deal  in  different  animals.     The  most  potent  artificial  stimulus 
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which  can  bo  applied  to  fcho  vagus  norve  to  produce  inhibition  of  tho 
heart  is  a  rapidly  interrupted  induction  current ;  severe  mechanical 
stimuli  have  a  slight  effect,  but  chemical  and  thermal  stimuli  are  in- 
effective 

A  certain  amount  of  confusion  has  arisen  as  to  the  effect  of  vagus 

™-"i      ate 


RlO.  S&4.  —Tracing  «liowliig  itic  »■  -.,  »'irii-nliir  .    I'm!.,  ventricular 

tracing.    The  p»rt.  hot  *  ii^uathoiK! 

>i«a  that  tho  ttcondarr  wtl  waa  8  cm.  from  tho  primary.    Thr  ri*rt  of  tjie  tracing  to  th>i  left 
aliowa  the  regular  contra*' tmna  of  moderate  h<  -  During  »tlmnl*ii 

for  ■onie  ',imx  altar ,  the  beaU  u»  inwW.     AfW  they  outnliieoee  again 

they  are  small  at  llrtt,  bat  aoon  acquire  a  much  greater  amphtuM?  than  before  the  application  of 
the  •tiinul'ii.    (From  B  i  Oankell.) 


Humiliation,  because  so  many  experiments  have  been  made  on  the 
bog.  Iu  this  animal  tho  sympathetic  times  jom  tho  vagus  after  it 
leaves  tho  skull,  and  so  what  is  usually  called  the  vagus  In  this 
animal  should  morn  properly  be  termed  the  vago-sympaihtiir.  Ti  \w\: 
readily  bo  understood  that  by  stimulating  a  mixed  norvo,  one  ob 
an  intermixture  of  effects.  If,  however,  one  stimulates  the  intra- 
cranial vagus  before  the  sympathetic  bleuds  with  it,  a  pure  inhibitory 


-Tracing  allowing  diminished  amplitude  and  •lowing  of  the  pab.tti.iu>    nf  tin'   aurnde  ««d 
vent ri  it  complete  stoppage  during  atijuulaiiuu   uf  Bu   vagus.    (Frtim   hi 

...  , 


offect  is  obtained.  Figs.  255  and  256  show  the  common  effect  of 
Stimulating  tho  mixed  trunk;  tin;  inhibitory  effect  is  usually  mani- 
fested first,  and  this  is  followed  by  the  augmentor  effect  due  to 
sympathetic  action.  But  it  is  by  no  means  infrequent  to  obtain  the 
opposite  result.     It  is  often  stated  that  the  right  nerve  contains  more 
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inhibitory  Gbras  (ban  the  left,  but  this  La  bj  no  means  a  oonstant  role. 
One  can  alu  tin  good  inhibition  if  applied  to 

L  of  the  sinus;  bore  one  stimulates  the  post-gangUonjfo  fibres 
which  originate  from  the  nerve-cells  in  the  sinus  ganglion  around 
which  the  vagi  terminate. 

Ii  uiulua  is  not  immediately  seen ;  one  or  more 

boats  may  occur  before  stoppegi  e&rt  takes  place,  and  slight 

stiniiiliiti^ii    in. iv  |n  »< 1 1 1 1  i •  only  Bio  ml  not  complete  stoppage  of 

the  heart  (fig.  260)     The  stoppage  may  be  due  either  rogation 

of  the  diastole,  ,js  is  usually  the  case,  or  to  diminution  of  the  systole. 
Vagus  stimulation  Lessens  the  conductivity  of  the  cardie-  tissue, 
I -tit  it  does  i  the  irritability  of  the  heart-muscle,  since 

mechanical  Stimulation  may  bring  OQl  B  beat  during  the  stand-still 
eaoaed  stininlatian.    The  inhibition  of  the  licats  varies  m 

duration,  but  if  the  stimulation  is  a  prolonged  one,  the  beats  reap] 
before  tho  current  is  shut  oft'.     This  is  known  aa  "vagus  escape?   am' 
occurs   in    all    animals;  it  is  probably  duo  to  fatigue  of  tho  vagal 
endings. 

The  Sympathetic. — The  influence  of  the  sympathetic   is   the 

reverse  of   that  of   the  vagua      Stimulation   of    the   sympathetic 

produces  acceleration   of  the   heart-beats,  and  tfl    to    D30B1 

■iirvere,  section   of  the  nerve   produces  no  slowing.     Hence  the 

nerve  is  not  is  constant  action  like  the  vagus.     The  acceleration 

dneed  bj  stimulation  of  1 1  n  sympathetic  fibres,  is  accompanied  by 
increased  force,  and  so  the  aetion  of  the  nerve  is  also  termed 
titujmeidor.     It  is  probable   that  tho  augmeutor  fibres  are   distini  I 

l  i  tho  accelerator  fibres,  because  in  mammals  one  or  two  of  the 

ill  nerves  leaving  the  stellate  ganglion  on  stimulation  produce 
augmentation  without  acceleration. 

The  fibres  of  tho  sympathetic  system  which  influence  the  1h.h1- 
1ki.i1    in    the   frog,  leave  the  spinal  OOld    DJ  the  anteriox  rootof  Mi' 

third  spinal  nerve,  and  [ass  by  the  ramus  oommnnioans  to  the  third 
ogiion,  than  to  the  second  svmpat]  o,  then 

■he  annul 08  01  Vieussens  (round  thfl  subclavian  artery)  to  the  B 

i    hetic  ganglion,  and   finally   in  the  main  trunk  ol  the  sympa- 

iic.toneartheexitoft.il'  fhexe  Xl    joins 

that  nerve  and  runs  down  to  the  heart  within  its  sheath,  I  the 

le  fibres  are  indicated  l>\  the  dark 
lint  257.    The  fibres  of  the  eympethetto  seen  running  up  into 

the  skull  are  i  rtl  of  blood-vessels  than     ft  should  be  i 

ual  accessory  nerve. 
In   the  :'    the  sympathetic    fibres    leave  the  cord   by  the 

second  and  third  dorsal  nerves,  and  possibly  by  anterior  roots  of  fcWO 
mi  moro  lower  nerves;  they  pass  by  the  rami  couiinuuicautes  to  the 
ganglion   stollatum,  or    first  thoracic  ganglion,  and    tin-  the 


2.50 


HIYSIOLOOY  OP  THR   HRAMT 


[OH.  XX. 


Kooti  of 


annulus  of  Vicussons  to  the  inferior  corneal  ganglion  of  the  sym- 
pathetic ;  fibres  from  the  annulus,  or  from  the  inferior  cervical 
ganglion,  proceed  to  the  heart  (Bee  fig.  258). 

In    man,    the    carcliao    branches    of    the    sympathetic    travel 
to    the    heart     from    the    annulus    of    Vicussons    and     M9 
sympathetic   in    superior,   middle,    and    lower    bundles   of    6 
These  pass  into  the  cardiac  plexus,  and  surrounding  the  coronary 

vessels  ultimately  reach 
the  heart.  They  probably 
contain  vaso-inotor  fibres  for 
those  vessols,  as   well  as  the 

moiv  impOftaBt  fibres  for  llu; 

heart  itself. 

Hv  viiiniiiiiinjf  eaeb  rootM  In 

In:;  tin  it  gKWD0,  (iro'.sinann  found 
the  car.lio  inliil.it. trv  fibres  in  the 
lower  two  or  three  rootlets  of  group  l> 
and  Ihc  «p|HT  rootlet  of  group  r. 
are  probably  dlBlJUMJCl  hi 
different  intra  to  In  the  cat  and  dog 
('adman  finds  that  tin-  rootlets  in  the 
it  group  arc  respiratory  and  afferent 
inhibitory,  and  that  .-ill  the  affiSMUl 
inhibitor}  til ir.  •.  .n. 

Die  inhibitory  fibres  are  medul 
lilid.  and  only  measurr  2/t  to  V  in 
diainct-  r  |  tli>\  pan  to  the  heart  and 
have  their  nil -stint  ions  in  the  ganglia 
i»f  that  organ.  The  sympathetic 
fibres,  on  the  other  hand,  reach  the 
lu  art  as  non-medulla  tiny 

have  thru  iins  in    tin-    syni- 

patbetl  01  errviral    and    first 

thoracic)  ganglia.  The  augtnentnr 
and  accelerator  centres  in  the  central 
nervous  systi  in  have  not  yet  been 
accurately  localised. 


Ant .  raot 


Post .  root 


'.-  ,si-'n"' 
no.  -j:.     Hurt  oervw  of  fcog.    (Dlignuinutllc.1  Tnfl-uenc*      of     DrUQS. TllO 

itucstion  of  the  action  of  d 
on  the  heart  forms  a  large  branch  of  pharmacology.  We  shall  be 
content  here  with  mentioning  two  only,  as  they  are  largely  used  for 
experimental  purpose*  by  pin siologists.  Atropint  produces  consider- 
able augmentation  of  tho  heart-beats  by  paralysing  the  inhibitory 
mechanism.  Musr.arinc  (obtained  from  poisonous  fungi)  produces 
marked  slowing,  and  in  larger  dosea  temporary  stoppage  of  tho 
li<  ait.  lis  effect  is  a  prolonged  inhibition,  and  can  be  removed  by 
the  action  of  atropine.  The  action  of  atropine  cannot,  however,  bo 
easily  antagonised  by  muscarine;  a  lam  dOM  \i  necessary.  That  these 
drugs  act  on  the  nerves,  and  not  the  muscular  substance  of  the 
heart,  is  shown  by  the  fact  that  in  the  hearts  of  early  embryos,  so 


OH.  XX.] 


P.EPLEX    INHIBITION 


251 


Oa  ng  ttw 

ItUHCI 

Vagi 


lniyu.i 


Cardiac 

'"IHH    .P.    | 


//nf. 


r.r 


ip.Acc.  Ho- Ace. 


: 


early  that  ii"  Dervefl  have  yet  grown   to  tho  heart,  these  drugs  have 
little  or  no  ulloef       ( I  irl.i-i  iug.) 

ilex  Inhibitwn, — Tfam  \\\>-\<-  it  QO  doubt  that  the  vagi  nerves 
are  simply  the  media  of  an  inhibitory  or  restraining  influence  over 
the  action  of  the  heart,  which  ia  conveyed  through  them  from  th<: 
centre  in  the  medulla  oblongata,  which  is  always  in  operation.  The 
restraining  influence  of  tin 
centre  in  the  medulla  may  •'"»" 

I  B     reflexly     increased      by 

relation  of  many  a!''  ■ 

V68,  particularly  those 
from  the  nasal  EDO 
membrane,  tin:  larynx,  and 
the  lungs.  A  blow  on  the? 
abdomen  causes  inhibition 
and  fainting;  a  blow  on  the 
lars  i  a  moderate  one, 

will  kill.     There  is  no  eom- 

(eon  1  mi t ween  the  ease 
with  which  stimulation  of 
the  laryngeal  or  pulmonary 
fibres  produces  inhibition,  as 
compared  to  the  difficulty  of 
obtaining  inhibition  from  tho 

■  lentary  tract.  ObloiC 
form  vapour*  and  tobacco 
smoke  in  some  people  and 
animals,  by  acting  on  tho 
terminations  of  the  vagi  or 
their  branches  in  the  respi- 
ratory system,  may  also  pro- 
i  B  reflex  inhibition  of  tho 
heart.  Some  very  remark- 
able facta  concerning  the 
readiness  by  which  reflex 
inhibition  of  the  fish's  heart 
may  be  produced  were  made 
out  by  M 'William;  any 
slight  irritation  of  the  tail,  gill  cmbrane  of  mouth  and 

pharynx,  or   of  the  pariotal    peritoneum,  causes  the  heart  to  stop 
beating. 

In  connection  with  the  subject  of   reflex  inhibition,  it  may  be 

•  F.mblcy.  however,  considers  that  the  usual  CSQM  of  sudden  death  during 
the  early  stages  of  chloroform  naieosu  is  the  direct  action  of  the  drug  on  the  vagus 
centre.      In  animals.  |  dttJog  tin-  vagi  iimncdiati  ly  sets  tin-  heart  going  tag.  : 
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mentioned  in  conclusion  thai  thong]]  m  have  bo  voluntary  control 
over  the  heart's  movements,  yet  cerebral  excitiii ut-ti I.  will  produce  au 
effeot  on  the  rate  of  the  heart,  as  in  certain  emotional  conditions, 

The  Excised  Heart. 

The  oats  after  its  removal  fi the  body;  tn  the  case  of 

the  Erne  and    ill  id  blooded  animals   Aria  will  go  oo  for  hours, 

and   under  favourable  ciivumstanoM   for  days.     In  the  case  of  the 

mammal,  it  is  more  a  question  of  minutes  unless  the  In  ■•■  is  artifi- 
cially tod   through  the  coronary  artery  with  arterial   blood     If  this 

is  dene,  eepeeuDy  ia  an  atmosphere  of  wrjsen,  the  dog's  heart,  or 
a  strips  of  tin  lart.eaube]  oil.' for  hours,    (Porter.) 

Iliu  It  solution  (see  p.  256),  if  well  oxygenated,  will  also  keep 

;m  excised  mammal's  heart  hours,  especially  if  a  little 

dextrose  is  added  to  the  solution.    (Locke.)4  At  pbs  time  the  rhythm 
was  supposed  to  originate  from  the  intrinsic  nervous  system  of  the 
heart;  the  heart  was  regarded  almost  as  a  complete  organism,  po: 
ing  not  only  parts  capable  of  movement,  hut  also  a  nervous  sj'stem 
to  initiate  and  regulate  those  movements. 

We  now.  however,  look   upon  the  muscular  tissue  of  the  hi 
i.itlirr    I  han    itfl   DOTVeS,  as  tlm   tissue    which    008066868    t  i  i<  -   D0W6I  of 
rhythmical  activity,  because  muscular   tissue  which  has  no  nerves  at 
ill  possesses  this  property.     For  instance,  the  ventricle  apex  of 

r  tortoise's  heart  possesses  no  nerve-cells,  but  if  it  is  cut  off 
and  fed  with  a  suitable  nutritive  tiuid  at  considerable  pressure,  it 
will  beat  rhythmically.  (Gaskell.)  The  apparatus  by  which  this 
may  be  accomplished  we  shall  study  at  tin  end  of  this  chapter.  The 
middle  third  of  the  ureter  ia  another  instance  of  muscular  tissue  fi  i 
from  nerves,  hut  which  nevertheless  executes  peristaltic  movements. 
Perhaps,  however  \A»  most  striking  instance  is  that  of  the  festal 
heart,  which  begins  to  beat  directly  it  is  formed,  long  before  any 
nerves  have  grown  into  it. 

The  power  of  rhythmical  peristalsis  therefore  resides  in  the 
muscular  tis-uie  itself,  though  normally  during  life  it  is  controlled 
ami  regulated  by  the  nerves  that  supply  it. 

Tlie  Intracardiac  nerves  have  been  chiefly  studied  in  the  frog;  the 
two  vago-sympathetic  nerves  terminate  in  various  groups  of  ganglion 
cells ;  of  these  the  most  important  are  Ikmak's  ganglion,  situated  at 
the  junction  of  the  sinus  with  the  right  auricle;  and  Bidder's  ganglion, 
at  the  junction  of  the  auricles  and  ventricle.  A  third  collection  of 
on  Bczold's  ganglion)  is  situated  in  the  inter-auricular 
Septum.      From  the  ganglion  eel;  spread  out  over  the  walls  of 

the  sinus,  aurioles,  and  upper  part  of  the  ventricle.  Ilemak's  ganglion 
used  to  bo  called  the  local  inhibitory  centre  of  the  heart;  it  is  really 
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the  cell -station  of  the  inhibitory  fibres,  and  stiiuul  the  heart 

at  the  eino-auhcular  junction  is  the  most  certain  way  of  obtaining 
stoppage  of  the  heart.  Bidder's  ganglion  was  called  the  local 
accelerator  OQDfiN  for  a  correspond  n 
reason. 

The  accompanying  figures  show  the 
vagal  terminations  in  Komak'sgan^lii  in 
'),  tana  taolttod  nerve-cells 
bom  this  ganglion  (fig.  260);  and  Bg. 
261  is  a  rough  diagram  to  indicate  the 
positions  of  the  two  prineto*]  genglia 

Conduction  in  the  Heart. — The 
question  has  been  discussed  whether 
(In-  wave  of  contraction  Es  progttg 
along  the  heart-wall  by  nervous  or 
muscular  connection.  The  slow  rate 
Of  propagation  of  the  wave  points  to 

the  link-  Doing  i  DQBonki  onOj  sad  U 

will  bo  remembered  that  histology  lends 

support    to    this    view,    the    muscular 

fibres  being  oonneoted   to  each  ol 

by  intereellul  es  of  protoplasm 

(see  p.  87).      An  experimental  proi 

of  the  same  view  is  the  following:  if  a  Bfcrip  of  the  heart  wall  is 

taken  and  a  number  of  cuts  going  nearly  completely  across  it,  be 

made  first  from  one  side,  then  from  the  other,  all  the  nerves  niusi 

cut  through  at  leasl  OBCe,  and  the  only  remaining  tissue  not  severe-- 

ir 


i.  J6S.— Cooraa  of  ilia  nr.rvc*   ill 

wall  of  tb«  !**«. 

I.  <t,  dor>«i  faraool 

Tirnn.-li .     (Kfknr.) 


c  


. 


Aorta 


?*:  J80.  Uolalet!  nerre-uetla  rrum  Uw  fTOfj'a  hrart.  I.  I.'*im1 
form.  II. Turin c"ii.  C^capmle;  K,mmmu;  X", unelaolM; 
r,  (mom 


Fig.  861.—  Diagram  uf  ganglia  In  froy* 
heart.    R.    tteniak ..  II.    Bid 
aangllou;  S.iiuui;  A,  right  aunclr; 


muscular,  yet  the  strip  still  continues  to  beat ;  in  other  words,  the  pro- 
pagation is  myodromic.  The  passage  of  the  wave  from  one  chamber 
to  another  is  also  myodromic.  The  slow  rate  of  propagation  indicates 
that  this  is  so.  and  the  view  has  I  MB  lolly  proved  by  the  discovery 
of  muscular  fibres  passing  across  from  one  chamber  to  the  next. 
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Blocking. — This  phenomenon  has  been  chiefly  studied  by  Gaakell 
li  <i]ii  it  under  noruial  conditions  the  wave  of  contraction  in 

the  heart  starts  at  the  sinus,  and  travels  over  ill'1  !'iii«  I.s  to  the 
•.  ml  ficIo;  the  init ability  of  tho  run  .<  ■]<■  and  the  power  of  rhythinie 
OOQtrael  iUl  J  is  greatest  in  tlie  sinus,  leflB  in  the  auricles,  .- 1 r 1 1 1  still  loss 
in  tho  ventrical's.  Coder  ordinary  renditions  the  apical  poortion  ol 
the  ventricles  exhibits  very  slight  power  of  spontaneous  contraction. 
The  importance  of  the  sinus  as  the  starting-point  of  the  peristalsis 
ou  be  shown  by  vanning  it.  If  a  frog's  heart  is  warmed  by  bathing 
it  in  warm  suit  solution  at  about  body  tomj  nature,  it  beats  faster; 
(In-  to  the  sinus  starting  a  larger  number  of  peristaltic  waves; 
that  this  is  the  case  may  be  demonstrated  by  wanning  localised  pel 
of  tho  heart  by  a  small  gal vano-cautery ;  if  the  sinus  is  warmed  the 
heart  beats  faster,  hut  if  the  auricles  or  ventricles  are  wanned  there 
is  no  alteration  in  the  heart's  rate.  The  sinus  in  the  frog's  I 
and  tint  portion  of  tho  right  auriclo  in  the  mammal's  heart  which 
correspnuils  to  the  sinus,  is  always  the  last  portion  of  the  heart  to 
cease  beating  on  death,  ur  after  removal  from  the  body  (ultima 
morions,  Harvey).  This  is  an  additional  proof  Of  the  superior  rhyth- 
mical power  which  it  possesses. 

But  10  continue  our  description  of  the  phenomenon  known  as 
blocking;  it  is  supposed  that  the  wave  starting  at  tho  sinus  is  more 
or  less  blocked  by  a  ring  of  lower  irritability  at  its  junction  with  the 
auricle;  again,  the  wave  in  the  auricle  is  similarly  delayed  in  its 
passage  over  to  the  ventricle  by  1 1  mg  of  lesser  irritability,  and  thus  the 
wave  of  contraction  is  delayed  at  its  entrance  into  both  auricular  and 
ventricular  tissue.  By  an  arrangement  of  ligatures,  or,  better,  of 
clamps,  one  part  of  the  heart  may  lie  isolated  from  the  other  portions 
and  the  contraction  when  aroused  by  an  induction  shock  may  be 
made  to  Btop  in  the  portion  of  the  heart  muscle  in  which  it  begins. 
It  is  not  unlikely  that  the  contraction  of  one  portion  of  the  heart  acts 
as  a  stimulus  to  tho  next  poi- linn,  and  that  clamps  and  ligatures  prevent 
this  normal  propagation  of  stimuli.  It  must  not,  however,  be  thought 
that  tho  wave  of  contraction  is  incapable  of  passing  over  the  heart  in 
any  other  direction  than  from  the  sinus  onwards;  for  it  has  been 
shown  that  by  the  application  of  appropriate  stimuli  at  appropriate 
instants,  tho  natural  sequence  of  beats  may  be  rcvorsod,  and  the  con- 
traction starting  at  tho  arterial  part  of  the  ventricle  may  pass  to  the 
auricles  and  thou  to  the  sinus. 

If  Gaskall's  clamps  or  ligatures  are  not  applied  sufficiently  tight 
one  often  sees  partial  blocking,  a  few  waves  get  through  but  not  all ; 
in  the  oxperimont  described  on  tho  preceding  pago,  in  which  the 
heart  wall  is  left  connected  with  other  parts  by  a  small  portion  of 
undivided  muscular  tissue,  the  effect  is  much  the  same,  tho  wave  is 
only  able  to  pass  the  block  every  second  or  third  beat 
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The  StanniuA  Experiment. — This  consists  in  applying  a  tight  ligature 
to  the  heart  between  the  sinus  ami  the  right  auricle;  the  sinus 
continues  to  beat,  but  the  rest  of  tho  heart  is  quiescent.  The  quiescent, 
parts  of  the  heart  may  be  made  to  contract  in  response  to  mechanical 
or  electrical  stimulation.  If  a  second  ligature  is  applied  to  the 
junction  of  the  auricles  with  the  ventricle,  the  ventricle  begins  to 
beat  again ;  tho  auricles  may  also  beat,  but  they  usually  do  not. 
According  to  Gaskcll,  tho  effect  of  tho  first  ligature  is  simply  an 
example  of  blocking;  it  is,  however,  difficult  to  wholly  accept  this 
view,  lot  if  instead  of  applying  a  ligature  at  the  sino-auricular 
junction,  the  heart  wall  is  simply  cut  through  at  this  spot,  the 
auricles  and  ventricle  are  not  thereby  always  rendered  quiescent.  It 
appears  probable,  therefore,  that  there  is  some  truth  in  the  older 
viow  that  the  ligature  acts  as  a  stimulus  irritating  tho  vagal  termi- 
nations in  Romak's  ganglion,  and  so  eliciting  a  condition  of  prolonged 
intubation;  this,  however,  paseos  off  after  a  variable  time,  and  the 
auricles  and  ventricle  once  more  boat  rhythmically.  It  is  impossible 
to  explain  the  effect  of  the  second  Stannius  ligature  except  on  the 
hypothesis  that  it  acts  as  a  stimulus,  and  there  is  no  A  priori  reason 
why  the  two  ligaturos  should  act  in  opposite  ways. 

The  fact  that  the  Stannius  heart  is  quiescent  has  enabled 
physiologists  to  study  the  effects  of  stimuli  upon  heart  musclo.  A 
single  stimulus  pioducca  a  single  contraction,  which  has  a  long  latent 
period,  is  slew,  and  propagated  as  a  wave,  nvi  i  tho  heart  at  tho  rate 
uf  I  to  l  inch,  or  10 — 15  mm.  a  second.  A  second  stimulus  causes 
a  rather  larger  contraction,  a  third  one  larger  still,  and  so  on  for 
some  four  or  rive  heats,  when  the  Bize  of  the  contraction  becomes 
constant.  This  staircase  phenomenon,  as  it  is  called,  is  also  seen  in 
voluntary  muscle  (see  p.  117),  but  it  is  more  marked  in  the  heart. 

[The  following  tracing  shows  the  result  of  an  actual  experiment: — 
Klft.  983.— *Cl&ircu«  fn/tr.  Inii't  Iwart.    Thie  wan  "M*iiw!  from  n  8Unulu«  preparation  ;J  ui  Induction 
•bock  bfinjt  »*nt  into  It  with  every  revolution  of  the  cylinder  (n\M   rat*)-      Th*  oontractiuiu 
became  larjrer  with  every  t»L    To  »  mA  from  right  to  left. 
Tl 
volun 
of  coi 


There  arc,  however,  more  marked  differences  thau  this  between 
voluntary  and  heart  muscle  I!  ii:-i  of  these  is,  that  the  amount 
of  contraction  does  not  vary  with  the  strength  of  the  stimulation.     A 
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stimulus  strong  enough  to  produce  a  contraction  at  all  brings  out  as 
big  a  beat  as  the  strongest.  The  second  is,  that  the  heart  muscle 
has  a  long  r/ifractory  period;  that  is  to  M]  bbe  application  of 

a  stimulus,  a  second  stimulus  will   nut   lauso  a  second  contraction 
until  after  the  lapse  of  a  certain  interval  called  the  r r/r a rtory  period. 
•t<»ry  period  lasts  as  long  as  thr  The 

third  difference  depends  on  the  second,  and  consists  in  the  fact  that 
the  heart  muscle  can  never  be  thrown  into  complete  tetanus  by  a  rapid 
aeries  of  stimulations;  with  a  strong  current  there  is  a  partial  fusion 
of  the  beats,  but  this  is  entirely  independent  of  the  rate  of  faradisa- 
tion. Indeed,  as  a  rule,  the  heart  responds  by  fewer  beats  to  a 
thun  to  a  slow  rate  of  stimulation 

In  spite  of  these  differences  there  ate  many  ami  important  re- 
semblances between  heart  muscle  and  voluntary  muscl>\ 

The  thermal  and  chemical  changes  are  similar ;  there  is  a  using- 
up  of  oxygen  and  a  production  of  carbonic  acid  and  sarco-lactic  acid. 
The  using-up  of  oxygon  was  well  illustrated  by  an  experiment  of 
SWa  He  passed  a  weak  solution  of  oxy-hremoglobin  through  an 
excised  beating  frog's  heart,  and  found  that  after  it  had  passed 
through  tin',  heart,  tbe  solution  became  less  oxygon atod  and  venous 
in  colour. 

The  electrical  changes  are  also  similar,  and  have  alreaiK  U-en 
dwelt  upon  in  Chapters  XII.  and  XIV. 


Instruments  for  Studying  the  Excised  Heart. 

n  b  ho  i  Es  simply  excised  and  allowed  be  i  without 

being  fed,  it  ceases  to  beat  after  a  time  varying  Prom  a  few  mil 
to  an  hour  or  so;  but  if  it  is  fed  vritfa  I  nutntiw  fluid,  it  will  continue 
to  beat  for  many  hours.  A  very  good  nutritive  fluid  is  debbriuatod 
blood  diluted  with  twice  its  volume  of  physiological  saline  solution. 
Ringer  baa,  however,  shown  that  nearly  as  good  results  are  obtained 
physiological  saline  solution  bo  which  minute  quantities  of 
calcium  and  potassium  salts  have  been  added;  in  other  words,  the 
inorganic  salts  el  i  will  maintain  cardiac  activity  for  a  time 

without  the  addition  of  any  organic,  material.  Howell  has  shown 
th.it  such  an  inorganic  mixture  is  especially  efficacious  in  throwing 
the  sinus  01  and  of  the  heart  into  rhythmical  action.     The 

normal  stimulus  fur  the  starting  of  the  heart-beat  is  therefore  to  be 
sought  in  the  mineral  •::  i  ii  ii.mts  of  tlm  blood  These  mineral 
constituents  in  solutions  are  broken  up  into  their  constituent  ions; 
and  of  these  the  sodium  ions  are  the  most  potent  in  producing 
rhythmical  activity.    (Loeb.) 

The  fluid  Lb  passed  through  the  heart  by  means  of  a  perfu 
tula  (fig.  268)1    The  heart  i-s  tied  on  bo  the  end  oi  the  cannula; 
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the  fluid  enters  by  one  and  leaves  by  the  other  tube.  Num 
instruments  have  been  devised  for  obtaining  graphic  records  of  the 
heart's  movements  under  these  circumstances,  but  we  Bhall  be  content 
with  describing  a  few  of  the  best.  They  have  beeu  much  used  in  the 
investigation  of  the  efleota  ol  drags  OS  tbfl  boart,  and  the  results 
obtained  have  been  of  much  Bervioe  to  physicians. 

(1)  The  heart  having  been  securely  tied  on  to  the  perfusion  cannula,  1 1 1<- 
circulating  fluid  is  passed  through  it  One  stern  of  the  cannula  is  then  attached 
by  the  small  side  branch  on  the  left  in  fig.  263  hy  a  tube  containing  salt  solution  «.> 
a  small  mercurial  manometer,  provided  with  ■  rloat.  on  the  top  of  which  is  a  Writing 
style.     The  apparatus  is  arranged  so  that  the  movements  of  the  mercury  can  ho 


Kroueckw'ii  Parfuriun 
Onnala,  fur  mpplyins  flimln 
lo   Uie    Interior  of  tli- 
imrt, 

It  coralxU  of  ft  double  tube. 
in-  Oliver.     Tl  ■ 
tub*  limnc)n-»  out 

Uw»,    Wlltfll    •-) 

lo  Ibr  c  uuiula, 

*  rurrmt  of  liquid  can  t«-  mmlr 
to  I«jw  Into  th*  hurt  by  Oti«  tabs 
•nn  oat  tlirnuuli  tli •  -  ' 


r*».  84*. — ltojr'i  Tnaoaiator. 


recorded  by  the  float  and  the  writing  style  on  a  slowly  revolving  drum.  The  move- 
ment* of  the  mercury  arc  due  to  changes  in  the  intracardiac  pressure. 

(2)  Roy'*  i'onoauler  (fig.  264)  i  A  small  bell-jar.  open  above,  but  provided  with 
a  firmly  fitting  stopper,  in  which  Is  fixed  a  double  cannula,  is  adjustable  by  a 
smoothly  ground  base  upon  a  circular  brass  plate,  about  2  to  t  inches  in  diameter. 
The  junction  is  made  complete  by  greasing  the  base  with  lard.  In  the  plate,  which 
is  fixed  to  a  stand  adjustable  on  U  upright,  arc  two  holes,  one  in  the  centre,  a  large 
one  about  one-third  of  an  inch  in  diameter.  b>  which  is  fixed  below  n  brass  grooved 
collar,  about  lialf  an  inch  deep;  the  other  hole  is  the  opening  into  a  pipe  provided 
with  a  stop-cock.  The  opening  provided  with  the  collar  is  closed  at  the  lower  part 
with  a  membrane,  which  is  doscly  tied  by  means  of  a  ligature  around  the  groove 
at  the  lower  edge  of  the  collar.  To  this  membrane  a  piece  of  cork  is  fastened  by 
sealing-wax.  from  which  passes  a  wire,  which  is  tltaehed  to  a  lever  (cut  short  in 
the  diagram)  fixed* on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  bell-jar  is  filled  with  olive-oil.  The  heart  of  a 
large  frog  is  prepared  and  the  cannula  fixed  in  the  stopper  is  firmly  tied  mln  it  : 
the  tubes  of  tlie  cannula  communicate  with  the  reservoir  at'  rirculatlng  fluid  on  the 
one  hand,  and  with  a  vessel  to  receive  it  after  it  has  run  through  the  neart  on  the 
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other.  The  Miiinula  with  in-art  ftttSM  lied  is  pessril  inf..  ilic  oil,  and  the  stopper 
firmly  secured.  Kvcry  time  the  heart  enlarges,  the  membrane  is  pressed  down: 
every  time  the  heart  contract!  the  men  pulled  up;  the  lever  follows  and 

magnifies  these  movements.     The  lever  Is  adjured  to  a  convenient  elevation  and 
allowed  to  write  an  a  moving  drum.     After  a  short  time  the  heart  may  stop  lieating : 
but  two  wires  are  arranged,  the  one  in  the  cannula,  the  ottm  projecting  from  the 
plate  in  such  u  way  that  the  heart  can  be  moved  against  them  by  shifting  the  posi- 
tion of  the  bell  jar  a  little.     The  wires  act  as  electrodes,  and  can  be  made  H  com 
iiiunicate  with  on  induction  apparatus,  so  that  Induction  shucks  can  be  sent  into 
the  heart  to  produce  contractions.     After  a  time  the  heart  ceases  to  beat  altogether ; 
and  before  doing  so  it  becomes  irregular.     A  frequent  form  of  irregularity  seen  DOB 
sists  of  groups  or  contractions  each  showing  a  staircase,  separated  by  long  Intervals  of 
mi\  Groups} 
(3)  Sehnftr"$  lfMirt-fil*ihi/imoffra}ih. — The  principle  of  this  apparatus  is  the 
same  as  Roy's.     A  diagrammatic  sketch  of  it  is  given  in  fig.  265.     The  heart,  tied 
on  to  a  double  cannula,  is  inserted  into  an  air-tight  vessel  containing  oil.     On  one 
side  of  the  vessel  is  a  tube,  in  which  a  lightly  moving  piston  is  fitted ;  to  this  a 
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writing-point  is  attached.  The  piston  is  moved  backwards  and  forwards  by  the 
changes  of  volume  in  the  heart  causing  the  oil  to  alternately  recede  from  and  pass 
into  this  side  lube.  The  corresponding  tube  on  the  oilier  side  can  be  opened  and 
the  tube  with  the  piston  closed  when  one  wishes  to  cease  recording  the  movements. 
(4)  In  order  to  obtain  a  beating  heart  after  excWng  it  from  ft  mammal,  the 
following  procedure  should  be  adopted.  A  rabbit  is  killed  hy  bleeding  or  pithing: 
the  heart  enclosed  ID  the  pericardium  is  thru  ipin-kly  cut  out,  and  gently  kneaded 
to  free  it  from  blood,  in  some  warm   Rlngerl    Rotation.     The   pen-  ||  then 

dissected  off,  and  a  cannula  Ued  into  the  aorta ;  this  is  connected  to  a  burette  which 
is  kept  full  of  Ringer's  solution.  The  Ringer's  solution  must  be  maintained  at  body 
temperature,  by  a  warm  water  jacket,  and  must  In;  well  oxygenated  by  letting  oxygen 
bubble  through  it.  The  fluid  is  then  allowed  to  flow,  and  it  enters  the  coronary 
arteries,  and  escapes  from  the  right  auricle,  which  should  be  freely  opened.  Undsi 
these  drennutancea  th<-  heart  vfll  continue  bo  boat  Ibt  many  hour,. ,  specially  if  a 
little  dextrose  is  added  to  the  circulating  thud.  A  gr.-iphu-  record  may  be  obtained 
by  putting  a  small  hook  into  the  apex,  and  attaching  this  by  a  thread  to  a  recording 

lever  beneath  H      \  fay  nod  Qlu  .ir.ition  of  tlu  " ■<  tameM  of  tin  mathod  fol 

demonstrating  the  action  of  drugs  consists  in  adding  a  small  amount  of  chloroform 
fo  the  circulating  fluid,  and  one  notio  ■  depressant  effect ;  on  the  other 

hand,  B  minute  dose  of  adrenaline  markedly  increases  the  rate  and  force  of  the  heart 


OHAPTBB  XXI 


THE   CIRCULATION    IN   THE    BLOOD-VESSELS 


The  movement  of  the  blood  from  the  heart  through  the  arteries, 
r-iijiillaries,  and  veins  hack  to  the  heart  again,  depends  on  a  number 
of  physical  factors;  and  in  the  consideration  of  this  important  subject 
we  shall  have  to  take  into  account  the  general  laws  which  regulate 
the  movement  of  fluids  in  tubes,  as  well  as  their  special  application 
to  the  flow  of  the  blood  in  the  blood-vessels. 

Tho  contraction  of  the  heart  is  the  primary  propelling  forco,  and 
tho  increase  of  pressure  which  is  thus  communicated  to  tho  blood  it 
contains  causes  that  blood  to  enter  the  arteries ;  the  arterial  blood 
pressure  is  higher  than  that  in  the  capillaries,  and  the  capillary 
pressure  is  higher  than  that  in  the  veins;  the  venoiiB  preBBure 
gradually  falls  as  wc  approach  tho  heart ;  it  is  lowost  of  all  in  the 
heart  cavities  during  diastole ;  fluid  moves  in  tho  direction  of  lower 
pressuro,  hence  tho  flow  of  blood  is  from  tho  heart  through  the 
vossels  back  to  the  heart  again. 

Tho  vessels  aro  not  rigid  tubes,  but  possess  marked  elasticity ;  it 
is  owing  to  this  that  the  intermittent  force  of  the  heart  is  modified 
in  such  a  way  that  the  stream  of  blood  in  the  capillaries  is  a  constant 
one,  and  under  normal  circumstances  exhibits  no  pulsation;  tho  pulM 
is  ono  of  tho  main  characters  of  tho  arterial  flow.  A  further  com- 
plication is  duo  to  tho  fact  that  tho  vessels  through  which  tho  blood 
flows  aro  of  varying  calibre,  and  this  is  tho  main  factor  in  determin- 
ing its  velocity.  Every  timo  an  artery  divides,  tho  united  sectional 
area  of  its  branches  is  greater  than  that  of  the  parent  artery,  although, 
of  course,  each  of  the  individual  branches  is  of  smaller  calibre.  Tin- 
total  bod  of  tho  stream  is  thus  becoming  greater,  until  when  we 
reach  the  capillaries  tho  bod  is  increased  suddenly  and  ouormously, 
being  several  hundred  times  greater  than  that  of  the  aorta  from 
which  they  all  ultimately  spring.  In  the  case  of  the  veins  the  M 
is  true  in  the  reverse  direction  ;  the  seotional  area  of  a  vein  is  less 
than  that  of  the  total  sectional  area  of  its  tributaries ;  hence  as  we 
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approach  the  heart  the  total  bed  of  the  stream  is  becoming  continually 
smallor,  but  never  so  small  as  in  the  corresponding  arteries;  a  vein 
is  ahv.iv    l nice  the  B  n  more.  than  twice  the  size  of  the  cor- 

responding artery.  Velocity  of  flow  varies  inversely  with  the  bed 
of  the  stream,  the  velocity  is  therefore  greatest  in  the  aorta,  slows 
down  in  tho  small  arteries,  and  becomes  slowest  of  all  in  the  capil- 
laries whero  the  total  bed  is  widest;  we  may  compare  the  combined 
capillaries  to  a  vast  lake  into  which  the  arterial  river  flows.  On 
leaving  tho  capillaries,  tho  blood,  in  traversing  tho  veins  onco  more, 
becomes  accelerated  because  the  l>ed  of  the  stream  becomes  narrower, 
but  its  speed  in  a  vein  is  only  about  half  that  in  tho  corresponding 
artery  because  the  bed  is  twice  as  great 

In  eonnoction  with  the  variation  in  the  bed  of  the  stream  we 
must  also  consider  the  question  of  resistance.  If  the  increase  in 
sectional  area  took  place  without  division  of  the  stream  into  numerous 
branchos,  the  main  effect  would  bo  to  lower  resistance  to  the  flow  of 
fluid;  but  the  friction -lowering  effect  of  incrcasod  area  is  much  more 
than  counterbalanced  by  the  increased  surface  of  the  numerous 
branchos,  and  there  is  increased  friction  on  thiB  account.  The  resist- 
ance of  the  capillaries  would  be  large  oven  for  a  stream  of  water, 
and  when  we  consider  that  the  blood  is  much  more  viscid  than  water, 
we  see  the  effect  must  be  much  greater.  The  resistance  to  the  flow 
of  fluid  along  a  small  tube  is  in  inverse  proportion  to  the  fourth 
power  of  the  diameter,  ie.,  if  the  diameter  of  the  tube  is  halved,  the 
resistance  is  increased  aixteen-fold.  Between  tho  arteries  and  the 
capillarios  are  tho  small  arteries  or  arterioles;  these  vessels  are 
always  in  a  state  of  moderate  or  tonic  constriction ;  they  may  roughly 
be  compared  to  narrow  inlets  into  the  wide  capillary  lake.  The 
main  resistance  to  the  passage  of  blood  through  the  tissues  is  situated 
in  tho  arterioles,  and  not  in  tho  capillarios;  thiB  is  usually  spoken 
of  as  tho  peripheral  resistance,  and  it  is  variable  by  alterations  in  the 
calibre  of  tho  arterioles,  their  muscular  tissue  lieing  under  the  control 
of  nervos  which  aro  termed  vow-motor. 

Tho  main  rosistanco  is  in  tho  arterioles  and  not  in  the  capillaries 
for  tho  following  reason:  each  individual  c:a).ill:wv  is  small,  and  its 
resistance  therefore  great,  but  their  number  is  so  immense,  and  the 
total  bed  bo  I.jilm-,  that  tho  resultant  resistance  offered  is  com- 
paratively small.  This  is  well  brought  out  by  a  comparison  of  the 
volocity  in  tho  two  cases;  in  tho  arterioles  the  velocity  has  to  be 
high  in  ordor  to  supply  with  blood  the  largo  capillary  areas  spring- 
ing from  thorn;  in  the  capillaries,  as  we  have  already  seen,  tho 
velooity  is  low. 

After  this  general  account  of  the  main  features  of  the  circulation, 
we  can  now  pass  to  a  detailed  description  of  the  various  points 
raised. 


CII.  XX!.] 


ELASTICITY  Of  THE   BLOOD -VB83KLS 


261 


Use  of  the  Elasticity  of  the  Vessels. 

If  a  pump  is  connected  to  a  i  is  a  glass  tube, 

filled  with  water,  and  a  certain  amount  of  water  is  forced  into  the 
tube,  an  exactly  equal  amount  of  water  is  driven  out  from  the  open 
end.  During  the  intervals  of  pumping  the  flow  ceases,  accurately  at 
the  instant  the  inflow  stops.  If  in  fchfl  next  placo  tho  open  orifice  is 
constricted  and  tho  punning  continued  as  bofore,  tho  outflow  is  still 
restricted  to  tin-  tame  during  which  water  is  being  driven  into  tin- 
tube.  The  only  difference  is  that  a  greater  force  of  pumping  will  be 
required  if  the  pump  is  to  empty  itself  in  the  same  time  as  before, 
and  the  force  required  will  increase  in  proportion  to  the  degree  of 
constriction  of  the  orifice, until  with  a  fair!)*  considerable  constriction 
the  force  required  will  be  enormous. 

If  the  rigid  tube  is  replaced  by  an  elastic  one  with  a  wide  free 
opening,  tho  outflow  will  again  Ixi  intermittent  but  not  qui  to  restricted 
to  the  time  of  the  pumping.  This  latter  difference  is  because  the 
elastic  wall  of  tho  tube  will  stretch  a  little  at  each  output  of  the 
pump,  and  this  continues  afi  limp  has  ceased  to  discharge,  and 

will  then  recover,  at  the  same  time  (raving  out  the  extra  small  amount 
of  tluid  it  contained,  after  the  pump  has  ceased  to  act.  The  flow  will 
thus  bo  intermittent,  but  the  outflow  will  last  for  a  short  timo 
longer  tli m  the  inflow.  This  persistence  will  increase  with  tho 
resistance  of  tho  tube,  with  the  velocity  of  tbfl  inflow,  and  lastly  with 
the  mass  of  the  column  of  fluid  lying  in  tho  tube.  If  now  the 
orifico  be   diminished,  the  D   of   the  outflow  will  begin  to 

increase  still  Farther,  and,  as  the  constriction  is  increased  more  and 
more,  will  gradually  extend  over  the  diastolic  period  06  the  pumping, 
The  amount  of  work  required  to  drive  the  fixed  volume  of  fluid 
through  the  constricted  orifice  is  the  Mane  with  a  rigid  and  with  U 
elastic  tn be.  En  the  former  case,  however,  the  duration  of  tho  out- 
flow is  nf  00000.  same  as  that  of  Iho  inflow,  whereas  in  tho 
,im;i  >ni  I  OSSe  this  time  is  prolonged.  Consequently  tho  rate  of  work 
in  the  first  case  must  exceed  that  in  the  eeoon  froportoon  to  Hub 
difference  of  time,  or  the  maximum  pit  t  up  in  the  former 
case  is  far  greater  than  in  the  letter,  if  the  constriction  of  the 
orifice  of  the  elastic  tube  is  still  further  increased,  a  point  is  at  last 
reached  at  which  the  outflow  lasts  throughout  the  whole  cycle  of  the 
pump,  and  here  therefore  the  energy  imparted  Lo  the  fluid  by  the 
pomp  is  converted  into  a  pressure  energy  represented  by  tho  tension 
of  the  ihe  tube,  and  this  energy  is  given  out  again 
after  the  fluid  has  ceased  to  enr  and  is  just  suflicien! 
exactly  drive  out  the  stored  fluid  during  the  resting  period.  If  the 
constriction  lie  carried  still  further,  the  tube  will  not  be  able  to  empty 
itself  during  the  diastolic  period,  and  when  the  second  inflow  begins, 
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no  of  iln-  Said  will  b6  -s t i  1 1  distending  the  Lube,  i.e.,  the  pressure 
will  not  have  fallen  to  aero.    With  the  nflow  the  maximum 

pressure  reached  will  be  higher  than  before,  but  si  ill  the  Forne  acting 
thro  the  who!  ol  tfai  oyok  may  not  h  >  empty  the 

t u Ikj  to  Hi-.!  extent  found  at  the  commencement  of  that  inflow, and  we 
may  find  B  further  volume  of  fluid  retained  'within  the  tube,  and  the 

Bsurejust  inflow  still  higher  tlwn  in  the  preceding 

HIM      Tl  18  summation   will  continue,  until   at  list  a   point 
reached  at  which  thi  bag  a  complete  oyole  will  tie 

joefc auiSoient  to  drive  oni  ■■  fluid  aa  is  b»mii. 

in  at  each  pumping,     Whim  this  {mint,  i    i-Mihed,  the  pressure  will 
amply  oscillate  about  this  mean  position  and  tho  outflow  from  I 
tube  will  therefore  be  continuous,  but  not  necessarily  constant.     If 

still  further  constrict  tho  orifice,  the  result  is  that  the  mean 
pressure  will  riso  still  further,  and  the  outflow  will  be  of  a  less 
remittent  character.    The  latter  because  the  input  of   the  same 

volume  of  Huirl  into  the  distended  tube  will  produce  less  marked 
fhw.l. nations  in  the  driving  pressure,  since  ut  the  end  of  diastole 
pressure  still  driving  I  be  laid  will  be  high  and  not  nearly  zero,  as  in 
the  former  instance.  If  the  constriction  is  sufficiently  increased,  a 
point  will  ultimately  he  reached  at  winch  the  outflow  will  become 
not  only  continuous  but  also  constant.  The  degree  of  constrict  (OB 
necessary  to  produce  this  effect  will  dope  ml  upon  the  distenaibility 
of  the  elastic  tube.  Tho  more  distensiblo  this  is,  the  earlier  will  this 
stage  be  reached,  and  tho  lower  will  be  tho  moan  pressure.  Tins  is 
the  condition  wo  find  in  the  circulatory  system. 

Let  us  now  apply  this  to  the  body. 

At  each  heat  the  left  ventricle  forces  about  three  ounces  of  blood 
into  the  already  full  arterial  system.     The  arteries  are  elastic  tubes, 

!  the  amount  of  elastic  tissue  is  greatest  in  the  large  arte! 
I  be  But  I  fleet  of  the  extra  three  ounces  is  to  distend  the  aorta  still 
further;  the  elastic  recoil  of  tho  walls  drives  on  another  portion  of 
blood,  which  distends  the  next  section  of  the  arterial  wall,  and  this 
distension  it  transmitted  as  a  wave  along  the  arteries,  but  with 
gradually   dimini.-lii:  B  as   the  total   arterial    stream    U'comee 

>t .  This  wave  constitutes  the  pulse-wave.  Between  the  strokes 
of  the  pomp,  or,  in  other  words,  during  tho  periods  of  diastole,  the 
be  blood  on  and  so  return  to  their  original  size.  The 
flow,  therefore,  does  not  ceaso  during  the  heart's  inactivity,  so  that 
although  the  force  of  tho  heart  is  an  intermittent  one,  tho  flow 
through  tho  capillaries  and  the  veins  beyond  is  a  constant  one,  all 
trace  of  pulsation  having  disappeared.  The  peripheral  resistance 
which  keeps  up  the  blood-pressure  in  the  arterios,  and  like  tho  con- 
st notion  at  the  end  of  our  india-fobbex  tube,  assists  in  tho  coi 
of  Que  intermittent  into  a  continuous  and  constant  stream,  is  to  be 
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found  in  the  arterioles  or  small  arteries,  just  liofore  the  biood  jesses 
into   what  we  have  termed  the  vast  capillary  lake.     These  I 
arteries  with  their  relative  excess  of  muscular  tissue,  are  in  health 
always  in  a  state  of  moderate  tonic  contraction. 

Tito  large  arteries  contain  i  considerable  amount  of  muscular  as 
well  as  elastic  tissue.  This  co-operates  with  the  elastic  tissue  in 
adapting  tho  calibre  of  the  vessels  to  the  quantity  of  blood 
contain.  Pm  'h«>  amount  of  blood  in  tho  vessels  is  never  quite 
and  were  elastic  tissue  only  present,  the  pressure  exercised 
•  .vail:-  (if  the  containing  vessels  on  the  contained  blood  would 
be  sometimes  very  small,  sometimes  too  great.  The  presence  of  a 
contractile  element,  however,  provides  for  a  certain  uniformity  in  tho 
amount  of  pressure  exercised  Thero  is  no  reason  to  suppose  that 
the  muscular  coat  assists  in  propelling  the  onward  current  of  blood, 
except  in  virtue  of  the  fact  that  inuseular  tissue  is  elastic,  and  tin  m- 
fore  co-opera  ic  5  in  the  large  arteries  with  tho  elastic  tissue  in  keeping 
up  the  constant  flow  in  the  way  already  described. 

The  contractility  of  the  arterial  walls  fulfils  a  useful  purpOM  in 
checking  hemorrhage  should  a  small  vessel  be  cut,  as  it  assists  in  tho 
closure  of  the  cut  end,  and  this  in  conjunction  with  the  coagulation 
of  the  blood  arrests  the  escape  of  blood. 

Blood-pressure. 

The  circulation  ol  ItM  blood  depends  on  the  existence  of  different 
degrees  of  pressure  in  different  parts  of  tho  circulatory  system; 
there  is  a  diminution  of  pressure  from  the  heart  onwards  through 
artorics,  capillaries,  and  voins,  back  to  the  heart  again. 

BP 
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Kin.  »*.— Hflichtor  W(xxlpr»«iuni(w)lii  i.t.  lt.fl  vmtnrl*.    j,ar.«nu;  cr,  r«jnll«nr»  ;  t.tbIm;  ■*, 
righl  fturlCM  ;  oo,  Una  of  no  premui*.    (Art*r  Starling.) 

.  266  represents  roughly  the  fall  of  prossure  along  the  systemic 
vascular  system. 

It  falls  slowly  in  tho  great  arteries;  at  the  end  of  the  arterial 
system  it  falls  suddenly  and  extensively  in  the  course  of  the 
arterioles;  it  again  falls  gradually  through  tho  capillaries  and  veins 
till  in  the  large  veins  near  the  heart  it  is  negative.     Such  a  diagram 
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of  blood  -pressure  is  thus  very  different  from  one  of  volocit 
velocity  like  the  pressure  falls  from  the  arteries  to  the  capillaries, 
bat  unlike  it,  rises  again  in  the  vein  . 

We  must  now  study  the  in.ali.Hls  by  which  hL.od -pressure  is 
measure  1  .u  l.jd,  and  the  main  causes  that  produce  variations 

in  its  amount. 

In  onler  that  we  may  understand  the  methods  that  are  used  for 
this  purpose,  it  will  be  first  necessary  for  us  to  consider  some  of  I 
general  laws  of  fluid  pressure,  and  I  t.udy  Llio  methods  that 

ftie  employed  in  an  artificial  schema  of  the  circuit  inn 

Fluid  pressure  is  a  different  thing  from  tho  pressure  of  a  solid, 
and  is  exercised  equally  in  all  directions.  If  a  cylindrical  vessel, 
placed  vertically,  is  filled  with  a  cylinder  of  foe,  the  pressure  of  the 
i<:e  will  1)0  exercised  on  tho  bottom  of  the  cylinder,  but  not  on  its 
sides.  When  the  ice  molts,  the  water  presses  on  the  silos  also,  and 
if  a  hole  is  made  in  the  cylinder  below  the  level  of  the  upper  surface 
of  the  water,  tho  water  will  flow  out  and  me  force  with 

which  it  escapes  will  be  proportional  to  the  dopth  of  tho  hole  ben  out  li 
the  surface.  If  we  take  a  square  centimetre  as  the  unit  of  ami,  tin- 
actual  pressure  excited  on  it  is  h  x  d  x  g,  where  h  is  the  height  of  the 
free  surface  above  the  level  where  we  are  measuring  the  pressure,  d 
its  density,  and  g  the  acceleration  of  gravity  (981).  Suppose  a 
gramme  of  water  to  How  out,  we  may  consider  that  this  gramme  has 
fallen  through  a  height  or  head  k  in  contimotrcs  from  the  free  surface 
Bo  the  opening;  it  comes  practically  from  the  top,  because  it  is  there 
that,  the   liquid  disappears  from  inside  the  vessel.     In  falling  tho 

at  ft,  it  gives  out  fig  orgs  of  work. 

Tli-  unit  of  force  is  called  n  tli/nt  ;  a  noting  laxly  is  Mid  to  possess 
momrnlnm  :  tins  is  measured  by  tli.  product  of  its  mass  mil  it-,  vefodtj  ;  thus  the 
effective  quantity  of  motion  nf  a  body  UJ  be  large  on  account  «■!  il*  buying  a  larj;.- 
mass  (for  fm  |.  waggon  rolling  down  a  hill),  or  large  velocity  (for  instance, 

ahull*  i  speeding  Umrngfa  Ilia  2r),    A  force  continuously  applied  to  a  moving  maas 
luces  n  continuous  increase  in  its  rate  of  movement  [  tin-.  ]t  termed  oectitrotioUt 
font  irmy  be  defined  as  the  rate  of  change  of  momentum  i  i'  cu  be  meuared, 
therefore,  by  observing  tho  amount  of  momentum  it  generates  in  a  mea-sured  tin... 
and  dividing  by  that  time.     If  a  gramme  is  taken  as  the  unit  of  mass,  a  centimetre 
as  the  unit  of  length,  and  a  second  as  the  unit  of  lime,  the  unit  of  force 
■  momentum      gramme-ecu '  r  second 

Time.  'I'lme  in  seconds. 

=  gramme-centimetre  per  second,  per  second  -  1  dyne. 

Tlie  unit  which  cot  bO  Hie  dyne  in   the  measurement   nl    work  is  railed  an 

*rgK  thai  is.  tin  WOrkdODfl  in  lifting  a  gramme  weight  through  Ihe  height  of  -  Bj 
CCBtUnetl  "f  a  gramme  Is  981  dynes,  and  the  work  done  m  lining  it 

eottmetrc  is  981  ergs. 

Thfl  kinetic  energy  of  a  body  moving  with  velocity  v  is  i  x  mass 
Xtr*.  or  for  one  grammo  kv:;  hence  if  all  tho  work  that  liquid  car 
is  Spent  in  giving  kinetic  onergy  to  it,  the  velocity  with  which  it  will 
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'litis  given  liy  putting  tho  kinotic  energy  =  work  done. 
other  terms : — 

Je5  -  gh;  bence  p  -  v  '^A  or  A 


A  liquid,  however,  has  not  necessarily  a  froe  surface,  but  may  1» 
completely  enclosed,  as  is  tho  water  in  a  system  of  hydraulic  pressure 
mains,  or  the  blood  in  tho  circulatory  system.  The  pressure  in 
a  system  at  any  point  may  be  measured  by  inserting  at  th.it  point 
a  vertical  tube  at  right  angles  to  tho  blood-vessel ;  the  hhxnl  would 
rise  in  it  to  a  point,  tad  would  form  a  free  surface  a  certain  'lisiance 
up  this  tube;  the  head  k  in  the  above  calculation  must  08  ceotoned 


n«.  967.— SetaM  to  lltititnu  Utxxl-sirMcoft. 

ihi.s  free  rarlaoe  downwards,    if,  Instead  i  t.ui»e  of  lino 

bore  for  this  purpose,  wo  employ  ■  wider  tube,  say  i>f  ten   times 
greater  area,  tho  height  or  head  to  which  the  fluid  rises  will  be  the 
same  as  in  tho  narrow  tube,  though  naturally  the  actual  weight 
fluid  supported  will  be  ten  times  greater;  but  the  weight  per  unit  of 
area  is  the  same  in   lmth  cases.     "V.  Before,  we  measure  the 

pressure  of  fluid   in   tt-nns  of  the    /  a  column  of  fluid,  like 

mercury,  which  it  will  ball  really  mean  bhat  the  force  of  tho 

blood  is  equal  to  tho  woigl  B  mercury  it  supports  per  unit  of 

area,  and  this  will  naturally  be  proportional  to  the  height  of  the 
column. 

Let  us  next  consider  the  simple  case  of  a  fluid  flowing  from  a 
reservoir,  R  (fig.  267).  along  a  tube,  which  wc  will  imagine  ifl  «»j>en  at 
the  other  end 
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In  the  courso  of  the  tube  we  will  suppose  three  upright  glass 
V.  B,  and  D)  are  inserted  at  equal  distancea  Between  B  and 
D  there  is  a  bladder,  which  may  be  divided  iutoa  numljor  of  channels 
by  packing  it  with  low  bo  represent  the  capillaries,  and  between  B  . 
C,  a  clip  E.  wb'u-li  i:  in  be  tightened  or  loosened  at  will,  and  which 
will  roughly  represent  bhe  peripheral  resistance  prodneed  by  the 
arterioles.  The  far  and  of  the  tul>e  is  provided  with  B  step-cook.  If 
oek  is  closed  there  will  naturally  be  no  flow  of  fluid,  and 
the  Quid  will  rise  bo  equal  heights  indicated  bj  the  dotted  line  in  all 
(he  upright  tubus.  This  allows  that  the  pressure  in  all  parts  of  the 
tulie  is  the  same.    The  onrighi    tubes  which  measure  ti&x  latei 

i  by  ili.'  llnid  on  the  wall  of  the  main  tube,  are  called 
pizonuitcrs,  manometers,  or  pressure  measurers. 

If  now  the  stop-cock  is  opeii  fluid  flows  on  aooonnl  of   the 

difference  of  pressure  brought  about  by  gravitation ;  the  height  of  the 
fluid  in  the  manometers  indicates  that  tho  pressure  is  groatest  in  R, 
less  in  A,  loss  still  in  B,  and  least  of  all  in  D. 

On  account  of  tho  peripheral  resistance  of  the  arterioles  and 
0  ipillarins,  the  pressure  is  very  small  in  the  veins,  as  indicated  by  the 

hi-  of  lli-'.  fluid   in  the   manometer  I).      The  difference  between  D 

i  B  is  much  moro  marked  than  tho  difference  between  B  and  A. 
If  th'  fluid  which  flows  out  of  the  end  of  the  tube  is  collected  in  a 
jug  and  poured  back  into  R,  we  complete  the  circulation.  But  the 
menu  is  an  extremely  rough  one,  and  is  especially  faulty  in  tliat  tho 
pressure  which  starts  at  B  LB  nearly  constant  and  not  interinittmii. 
This  may  be  remedied  by  taking  R  in  the  hand,  and  raising  and  lower- 
ing it  alternately.  The  fluid  in  the  manometers  bobs  up  and  down 
with  every  rise  and  fall  of  R  i  this  is  least  marked  in  D.  The  greater 
and  the  faster  the  movement  of  R,  the  greater  is  the  rise  of  arterial 
pressure.  This  is  a  rough  illustration  of  the  fact  that  increase  in 
the  force  and  frequency  of  the  heart's  beat  causes  a  rise  of  arterial 
pressure. 

Again,  if  mote  Bttid  is  poured  Into  R,  ihere  is  a  coinispoml- 
iug  rise  in  fluid  in  the  EnatfDmetejt&  This  illustrates  the  rise  of 
pressure  produced  by  an  increase  in  the  contents  of  tho  vascular 
system. 

And  this  schema,  rough  though  it  is,  also  serves  to  illustrate  the 
third  important  factor  in  the  maintenance  of  tho  blood-pressure, 
namely,  i  be  peripheral  resistance.  This  is  done  by  means  of  the  clip 
E;  if  the  clip  is  tightened,  one  imitates  increased  I  oustriction  of  tint 
arterioles;  if  it  is  loosened,  one  imitates  dilatation  of  the  arterioles. 
If  it  is  closed  entirely,  the  fluid  in  A  and  R  rises  to  tho  same  level  as 
that  in  R ;  the  pressure  of  R  is  not  felt  at  all  by  0  and  D,  which 
empty  themselves,  and  the  flow  ceases.  If  the  clip  E  is  only  tightened 
so  as  not  to  Ik-  quite  I  ial  pressure  (in  A  and 


md  B)  rises. 
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and  the  venous  pressure  (in  I))  Kails;  If  the  clip  is  freely  opened,  the 
arterial  pressure  falls,  and  the  venous  pressure  rises. 

These  same  facts  can  be  demonstrated  by  a  more  perfect  circula- 
tion Behema,  such  as  is  represented  to  Bg.  268. 

Tlir  liiMir  (H)  is  represented  by  a  Higginsoj  age,  trhien  is 

worked  with  tin-  band  ;  the  tabs  Ltoid  it  rapresefll  •  I  be  arterial  system, 
the  clip  E  the  resistance  of  the  arterioles;  C  is  the  capillary  lake, 
grhiob  the  vein  (larger  than  the  artery)  leads  back  to  the  heart 
11.  A  and  IJ  are  two  manometers  which  res] actively  indicate  arterial 
and  venous  pressures.  Only  m  plane  of  straight  tubes  men 
1 1  i.ninineters  are  used.  Each  of  these  is  a  [J -tube  lout  half  filled 
with  mercury,  and  united  to  the  artery  or  vein  by  a  tubo  containing 
Iluid      If  tint  mercury  in  tin-  two  limbs  of  the  U  is  at  the  same 


Flo.  *».— Schema  uf  the  circulation. 


the  pressure  uf  the  fluid  in  connection  with  one  limit  is  exactly  equal  to 
that  exerted  by  the  atmospheric  pressure  on  tho  other.  The  mercury, 
however,  is  pushed  up  in  the  far  limb  of  the  manometer  connected  to 
the  artery,  tho  pressure  there  being  greater  than  that  of  tho  atmos- 
phere; UUS  in  therefore  called  positive  pressure,  and  the  total  amount 
of  pressure  is  measure' I  by  I  he  difference  between  tho  levels  a  and  a'. 
The  manometei  B  attached  to  the  vein,  however,  indSoatej  a  mgative 
pressure  (b  b),  that  is  a  pressure  less  than  that  of  the  atmosphere,  so 
that  the  mercury  in  the  limb  nearest  the  vein  is  sucked  up, 

Anderson  Stuat i  scope  (fig.  269)  is  a  more  complete  schema. 

is  of  a  long  leaden  tube  rilled  with  fluid,  tho  two  ends  of 
which  arc  connected  by  an  india-rubber  tube  on  wliich  is  a  valvod 
syringe  to  represent  tho  heart.     On  the  course  of  the  tube  are  a 
number  of  open-mouthed  nprjgb  bioh  indioate  tho  pres- 

sure when  the  syringe  is  worked,  and  confer  on  the  tut*  the  elasi  tail  • 
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necessary  to  cause  the  disappearance  of  the  pulse  in  the  middle  region 
which  represents  the  capillaries.  The  long  leaden  tube  is  twisted 
round  a  cylinder,  so  that  the  manometers  are  placed  closely  side  by 
side. 

We  can  now  pass  on  to  the  methods  adopted  in  the  investigations 
of  blood-pressure  in  animals. 

The  fact  that  the  blood  exerts  considerable  pressure  on  the 
arterial  walls  may  be  readily  shown  by  puncturing  any  artery ;  the 
blood  is  propelled  with  great  force  through  the  opening,  and  the  jet 
rises  to  a  considerable  height ;  in  the  case  of  a  small  artery,  whore 

the  prcssuro  is  lower,  the  jot  is  not  so 
high  as  in  a  largo  artery :  the  jerky 
character  of  the  outflow  duo  to  the 
intermittent,  action  of  the  heart  is 
also  seen.  If  a  vein  is  similarly  in- 
jured, the  blood  is  expelled  with  much 
loss  force,  and  the  flow  is  continuous, 
not  intermittent. 

The  first  in  make  an  advance  vn 
this  very  rough  method  of  demon- 
strating  Mood -pressure  was  tho  Rev. 

hen  Hales,  Vicar  of  Tedding 
(1702).  Be  insetted,  using  <i  small 
brass  tul>e  as  a  cannula,  a  glass  tube 
at  right  angles  to  the  femoral  artery 
of  a  horse,  and  noted  the  height  to 
which  the  Mood  rose  in  it.  This  is  a 
method  like  t&at  which  wa  need  is 
the  first  schema  doscritad  (fig.  267). 
Tho  blond  rn.sn  l<  I  lie  height  of  about 
8  feet,  and  having  reached  its  highest 
point,  it  oscillated  with  the  heart- 
beats, each  cardiac  systole  causing  a 
rise,  each  diastole  a  rail  Hales  also 
noted  a  general  rise  (lining  e-ach  inspiration.  The  method  taught 
Hales  these  primary  truths  m  BOnDSOQOn  with  arterial  pressure,  but 
it  possesses  many  disadvantages ;  in  tho  first  place,  the  blood  in 
the  glass  tulie  very  soon  clots,  and  in  the  second  place,  a  column  of 
liquid  eight  feet  high  is  an  inconvenient  one  to  work  with. 

The  first  of  these  disadvantages  was  overcome  to  a  great  extent 
by  Vierordt,  who  attached  a  tube  filled  with  saturated  solution  of 
sodium  carbonate  to  the  artery,  and  the  blood-pressure  V  stired 

by  the  height  ni  tin  column  of  this  saline  solution  which  the  blood 
Would  support. 

The  second  disadvantage  was  overcome  by  Poiseuille,  who  intro- 


Kii>.  MO.— AmUro.m  Stuart'* 
KynuMoopa. 


en.  xxi.] 


THE    KYMOGRAPH 


2C9 


duoed  the  heavy  liquid,  mercury,  U  the  aubetanco  on  which  tho  blood 
exertod  its  pressure;  and  the  U -shaped  mercurial  manometer  was 
connected  to  the  artery  by  a  tube  filled  with  sodium  otffbOBftto 
on  to  delay  clotting. 

Tho  study  of  blood-pressure  cannot,  however,  be  considered  to 
have  been  in  a  satisfactory  condition  until  the  introduction  by  Carl 
Lmlu ig  of  the  Kymograph ;  that  is  to  say,  Poiseuille's  hceniodynamo- 
meter  was  combined  with  apparatus  for  obtaining  a  graphic  record 
of  the  oscillations  of  the  mercury.  Tin,  name  kymograph  or  wave- 
writer,  we  shall  see  immediately,  is  a  very  suitablo  one, 

A  skeleton  sketch  of  the  apparatus  is  given  in  fig.  270. 


<±* 


B.P.  tracing 


MCMU 


Pin.  170.     Olatcraru  of  meri-urUI  Kymucnipli. 


Tho  artery  is  exposed  and  clamped,  so  tliat  no  hemorrhage 
occurs;  it  [a  flam  opened,  and  a  glass  cannula  is  inserted  and  firmly 
DL  The  form  of  cannula  usually  employed  (Francois  Franck's) 
is  slmwn  on  a  larger  scale  at  A ;  the  narrow  part  with  the  neck  in  it 
is  tiod  into  the  artery  towards  the  heart ;  the  cross  piece  of  the  T  is 
united  to  tho  manometer;  the  third  limb  is  provided  with  a  short 
piece  of  indiarubbor  tubing  which  is  kept  closed  by  a  clip  and  only 
opened  on  emergencies,  such  as  to  clear  out  a  clot  with  a  feather 
Bhould  one  form  in  the  cannula  during  the  progress  of  an 
experiment. 

The  tube  by  means  of  which  the  cannula  is  united  to  the  mano- 
meter is  nut  an  elastic  one,  but  is  made  of  flexible  metal,  so  that  none 
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of   tho   arterial    force   may   lie    wasted  in  expanding  it      '!'!:••   tulio, 
OSmilt]  prnximal  limb  of  the   manometer  are  all  filled  with  a 

saturated  solution  of  sodium  08  .  sodium  sulphate,  or  other  salt 

which  will  mix  with  blood  and  delay  its  slotting;     Before  the  clip  is 
removed  bona  the  artery,  the  pxessi  I  got  op  by  a  syringe  (or 

pressure  bottle  enntainiir  me  saline  solution   suspn  i 

good  heigh)    '     .      !  oonneeted  to  it  by  a  tabe),  so 

i  hat  iiir  D&eroux]  rises  In  ii  I  limii  bo  I  height  greater  thai 

of  the  anticipated   hi  <>od- pressure;  this  prevents  blood   passing'  into 
the  cannula  when  trial  clip  ia  removed. 

In   the  distal   limb  of  the   (J-tul>e.  floating  OO  the  surface  of 


Fio.  471.  Top  mtnomrtT  of  Ludwlg"a  Kymograph.  It  It  ulao  ahown  In  Ity,  273|  t>.  0,  n.  The 
mercury  whirh  i«ttlalty  lllta  Ui»  lube  auppurU  »  H'»l  'ii  tli-  form  of  a  jiUUia,  Doarijr  nllJn«  Lltn 
tub* ;  a  wir»  It  fixed  to  tha  float,  and  Ui*  writing  rtyle  ox  p«a  flxod  U)  tin  wlro  la  guided  by  pawing 

ttUOOik  Urn  braaa  cap  of  Ihn  tutwi;  Ui«  prwaure  la  cumiDUlilcatod  to  Ii--  ID!  Df  > 

flexible  metal  tube  Oiled  with  fluid. 

mercury,  is  an  ivory  float,  from  which  a  long  steel  wire  oxtends 
upwards,  and  terminates  in  a  writing-point,  The  writing-point  may 
be  a  stiff  piece  of  parchment  or  a  bristle  which  writes  on  a  im>\  i 
surface  covered  with  smoked  paper,  or  a  small  brush  kept  full  of  ink 
which  writes  on  a  long  strip  of  white  paper  made  to  travel  by  clock- 
work in  front  of  it.  When  the  two  limbs  of  the  mercury  are  at  rest,  , 
the  writing-point  inscribes  a  base  line  or  abscissa  on  tho  travolling 
surface ;  when  the  pressure  is  got  up  by  the  syringe  it  writes  a  line 
at  a  higher  level.  When  tho  arterial  clip  is  removed  it  writes  waves 
as  shown  in  the  diagram  (fig.  270),  tho  largo  waves  corresponding  to 
respiration  (the  rise  of  pressure  in   most  animals  accompanying 
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juration),*  the  smaller  ones  to  the  individual  heart-beat*.  The 
hNxid-prossure  is  really  twice  as  great  as  that  iiulicato«.l  by  the  height 
of  ill*'  tracing  aborti  tha  abac  c  ran  if  the  manometer  is  of  <•• 

bun.'  tl'  oinv  fills  in  ono  limb  the  same  distance  I 

it  rises  in  i).  .  the  true  pressure  ir  measured  by  ihe  difference 

of  level  a  and  a  (fig.  270). 

Fig.   271   shows  a  more  oamputB   view  of    the   manometer,  and 


710.  872.-  IHuniu  of  mercurial  KnMgXaftfc.     A,  Rotolrlng  eyllivdar,  worked  hy  a  flock  work  UTsftg*. 

rat  ««Uiu»l  Utlwlni  («>,  lb*  •[••I  tabic  r*cakOaU  by  *  Ua  abora  the  Iwi ;  tbs  cyllmler  to 

•matal  Hj  »n  B|ini:lit  (fc),  »ul  !•  <*r*r>ii-  of  tv-imr  T»i*«t  or  lowrrr.1  bjr  »  «rr*w  (■•),  by  •  h*i>-lb> 

1—4  Ui  It ;  r,  o,  I.  r»pr«BW»t  lk«  mwrcrtal  mutommtH,  wWc*  to  •town  on  »  l»rw*r  oral*  U 

a*,  in. 

fig.  272  is  &  diagram  of  the  arrangement  by  means  of  which  it  Ka 
made  into  a  kymograph. 

Fig.  273  shows  a  typical  normal  arterial  blood  -pressure  tracin 
a  larger  scale. 

taking  a  tracing  of  venous  blood -pressure,  the  pressure  i»  so  low 
and  corresponds  to  so  few  millimetres  of  mercury,  that  a  saline 
solution  is  usually  employed  instead  of  mercury.     If  the  vein   whkli 

•  Thr  expkti.v  he  respiratory  curves  on  the  tracing  is  po»lp  MMd  till 

■ilcr  we  luivc  studied  Respiration. 
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is  investigated  is  near  the  heart,  a  venous  pulse  is  exhibited  on  tho 
i.i.k  i n>r,  with  small  waves  as  liofore  correspondins  to  heart-beats,  and 


I  '  Normal  Waring,  wntwbit  magn!li*1,of  »rt«rial  praaauro  In  ih«  rebUt  obUii)*l  with  the 

mercurial  kymograph.  The  »mall»r  un-luhv.lona  orroMwod  wttfi  the  tirart-b-au,  the  Utxtrmrvw 
with  the  r»«|,ir»v>r>  movamenU.  The  nbacleae,  or  base  lino,  whkb  oa  tbia  ecaie  would  be  tennl 
Inchee  below  lb*  tracing,  la  not  ibowii.    (lliipJoo-.Haii>lanou.) 

par  waves  to  rosv  respiratory  rise  in  pressure  now 

tooompanies  SxpintioOL 

Tin?  nipiUarif  pressure  is  ostimatod  by  the  amount  of  pressure 


Via.  3T4.  —  A  kajD  Of  Fiek'»  Spring  Kymograph.  "•  Tut>e  to  I*  COWectod  with  artery  ;  e,  holluw  spring, 
the  movement  of  which  rnovea  b,  the  writing  brat;  t,  arrew  to  regulate  height  of  ft;  d,  outvie 
protective  ipring ;  9,  acraw  to  Ox  on  the  upright  of  the  anpport. 

necessary  to  blanch  the  skin ;  tliis  lias  been  done  in  animals  and  men 
(v.  Kries,  Roy  and  Brown). 

Other  manometers  are  often  employed  instead  of  the  mercurial 
one.  Fick's  is  one  of  these.  Tho  blood-vessel  is  connected  as  before 
with  tho  manometer,  and  tho  pressure  got  up  by  the  use  of  a  syringe 
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(which  is  seen  in  fig  i    Ix'furo  the  cliii  is  removed    :i""i  the 

.11 1. d  ••  Tin:  manometer  itself  is  a  hollow  C-shaped  spring  rilled  with 
liquid ;  this  opens  with  increase,  and  closes  v.  itfa  dt  erease  of  pressure, 
and  the  movements  of  ring  are  communicated  to  a  lover  pro- 

id  with  a  writ  nit 

rthle's  manometer  (see  p.  242)  is  also  very  much  used.     Tim 
advantage  of  thoso  forms  of  manomoter  is  that  the  character  ami 


Vfi.  J75  -Kick's  Kymograph,  Improved  by  Hrrlng  (alUr  M'K«n<lncl<).  a.  Hollow  spriiiK  U1W  with 
akobul.  b>  •  hhi.  I.  «turli»«1  Uic  marker  r  ;  the  aod  e  peases 

downwards  Into  to*  tube/,  containing  castor  oil,  which  onVrs  resistance  to  Urn  oscillation*  of  r; 
g,  ayrtniw  tor  Ailing  the  leaden  tub*  k  wltli  saturated  sulphate  of  nod  I  urn  solution,  And  to  apply 
anfflrisut  pressure  a*  loprareut  the  blood  from  pawing  Into  tlie  tub*  *  »t  (,  the  cannula  inserted 

•.he  vessel;  f.  abscissa-marker,  which  cm  be  applied  to  tho  moving  surface  by  turning  the 
•craw  pi  -,  c,  screw  tor  adJo»tln*  the  whole  apparatus  to  the  mot-tag  surface ;  o,  screw  tor  elevating 

:  trjulnK  the  Kymugraph  by  a  rack-and-piiilou  movement;  n,  screw  for  adjusting  tha  position 
of  the  tuba/. 

extent  of  each  pressure  change  is  much  better  seen.     In  a  mercury 

manometer  the  inortia  is  so  groat  that  it  cannot  respond  to  the  very 

rapid  variations  in  pressure  which  occur  within  an  artery  during  each 

If  Fick's  or  Hurthle's  manometer  is  ei  i,  and 

■irfaco  travels  sufficiently  fast,  theso  can  be  recorded  (see  fig. 
276).     Those  instruments,  though  useful  for  recording  the  complete 

.!*  in  pressure,  require  calibration:  that  is,  the  extent  of  move- 
ment that  corresponds  to  known  pressures  must  bo  ascertained  by 


THE   CIRCULATION 


actual  experiment.  They  teaeh  us  that  the  highest  pressure  reached 
during  systole  may  be  twice  or  thrice  the  lowest  attained  during 
diastole. 


Fio.  376 Normal  arterial  tracing  obtained  wtU  .  .  .;rmj»>i  !u  the  iii*_r. 

(Ilunl.iti-«*ii.|«-i 


The  following  table  gives  tho  probable  average  height  of  blood  - 
pressure  in  various  parte  o  man.    They  liavc 

been  wrj  huarred  Prom  experiments  on  animals: — 

/    +     1   HI    111111.       (lllfll    i     -:-       I!r|..- 
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Large  arteries  (e.g.  carotid) 

Medium  artt-ries  (r.#.  radial) 

i '  i]  iil  1, -tries 

Small  veins  nf  arm    . 

I'ortal  vein 

Inferior  vena  cava     . 

Large  veins  of  neck 


These  pressures  are,  however,  subject  to  considerable  variut 
lli  I  principal  factors  that  cause  variation  are  the  following: — 
Incruisc  of  arterial  blood-inesstin  is  produced  by — 

1.  Increase  in  the  v.i ! .•  ami  power  "f  the  litvn  t -ln-,it 

2.  Increase  in  the  oontraotion  of  the  lea. 

3.  Increase  in  the  total  quantity  of  bloinl  (plethora,  after  a  meal, 

after  transfusion). 
Derreasc  in  the  arterial  blood-pressure  is  produced  by — 

1.  Decrease  in  tho  rate  and  I  hfl  nt-beat. 

2.  Deoreaoo  IB  the  contraction  of  the  ail 

3.  Decrease  in  tho  quantity  of  blood  (c-q.  after  haemorrhage). 
Tho  alx>ve  is  true  for  general  arterial  pressure;  but  if  we  are 

investigating  local  arterial  pressure  in  an}'  organ,  the  increase  or 
decrease  in  the  si/ a  tA  the  arterioles  of  oilier  areas  may  make  its 
effect  folt  in  the  special  area  ondor  inveel  igaf  ion. 

Venous  pre*  lies  directly  with  the  volume  of  the  blood  ;  in 

i  be  arterJ  effisotof  inoroaao  of  fluid  is  alight  and  temporary, 

owing  to  tho  rapid  adaptability  of  the  peripheral  resistant :c  .  ihc 
excess  of  fluid  collects  in  and  distends  the  easily  dilatable  venous 
reservoir.  With  regard  to  the  first  ami  second  factors  in  tho  foregoing 
table,  venous  pressure  varies  in  tho  opposite  way  to  arterial  pressure. 
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It,  is  easy  to  understand  how  1 1  ii  rv  |  of  ih-  haul 

increases,  the  total  volume  of   blood  I  Uncharged  into  the  aorta 
second  is  increased;  similarly,  an  increase  in  the  force  trf  I 
also  results  in  on  increase  in  the  cardiac  output,  Bad  in  boil 
a  more  rapid  aod  QOTOplete  emptl  tug  <>(  the  auricle  is  produced.     This 
is  f nl  t-  throughout  the  whole  of  ma  pulmam  ulation,  and  the 

accelerated  li>\.  re  causes  a  fall  in  the  venous  pressure.     If, 

however,  the  rise  of  pressure  ii  due  to  a  contraction  Of  the  arteriole, 
a  stage  may  be  reached  in  which  the  heart  is  no  longer  alio  to  ovn  - 

mo  the  high  pressure  produced.     It  then  fails  to  empty  iteelf,  and 


nrl 


.      EOwi  <  •(  v -«k  rtlmalftttaa  of  tfea  p 

lt>bU>.      »r.  IU» ,!-ii.«;,re.   «.  iMn 


tot  UoaJ-iinMun  <  carotid 
owl*.    NoU  fall  of  Wood- 


mimed  np  on  the  venous  side,  Li  the  venous  pressure 
riant 

With  iegard  to  the  otaon  moans  a  rise  in  art 

vsure,  Iwcause  while  the  amount  sent  into  the  aitenOJ  I 
same  the  outflow  is  cut  down.     More  Mood  is  therefore  retained  in 
c  more  i  led  and  the  pressure  rises.    The  first 

effect  of  this  npofl  the  venous  pressure  will  bo  I  ish  it,  b 

■re  Wood  is  retained  in  the  arteries  there  is  ten 
and  capillaries.     Also   the  rate  of  flow  into  the  veins  is  at  first 
decreased,  and  I  us  pressure  therefore  falls.     Moreover,  the 

heart  usually  responds  to  i  rise  In  pressure  by  tnoreaai  >rce 

'•'|ii<'iitlv  in  i  is  taken  li  •  .<ms  UC 


7 ft  r—muiwi  m  m 
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Thane  proaturea  are,  however,  subject  too-:  vnriati 

id    principal  1*zU/n  that  cause  variation  are  the  following : — 
JnsrtoM  of  arUriai  -**um  u  produced  bj — 

f  neraeae  in  the  rate  and  power  of  the  heart-boat. 
incraeae  in  the  contraction  of  the  arteriole* 
3.  Increase  in  the  total  quantity  of  blood  (plethora,  aflor  a  meal, 
afUrr  Iran-i 

arterial  blood-pressure  U  produced  by — 
rbd  fbxoe  of  tha  hoart*l>eat. 
f  tlio  arterioles, 
of  Mood  (eg.  uft 
Tli  ral  arterial  pros  i  if 

Uivesl  local  art-nil   pressure  in  ai  .  the  in" 

i 
effuc t  fell  in 

nouspru 
irtoriiM  tli>'  increase  of  ilu> 

II       i  ,    il,  i    upit]    iidiiplnbi 
id   Of   tin 

Willi' 

LOi  Ml  1   i 
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It  is  eaa?  to  understand  how  bhifl  la;  when  the  f«li  of  1 1 *«-■  h 
increases,  the  total  volume  of  Mood  discharged  into  the  aorta   per 
second   is  UOTMA  inoreue  i«i   1 1 1 •  -  oi    bhfl  beat 

also  results  in  an  increase  in  the  cardiac  output,  anil  in  both  cases 
a  m-To  rapid  and  complete  emptying  of  the  Bimok  is  produced.  This 
i.s  full,  throughout   the  whole  i  lulmomuy  circulation,  and  the 

accelerated   BOW   therefore  causes  a  fall  in  the  VflBOlU  pressure.      It. 
however,  the  rise  of  prooenre  Lb  due  to  a  eontn  i 
a  stage  may  be  reached  in  which  the  heart  is  do  Longer  able  to  0VOT- 
come  the  DJgh  pressure  produced.      If   then  fails  to  empty  itself,  and 
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the  heart     Pm  both  reaacne,  than,  thy  venous  preeiure  will  hill,  hut 
that,  tall  is  limited,  as  pointed  out  above,  to  such  an  increase  only  as 
the  heart  ia  capable  ol  cnrereoniing  successfully. 
Capilla  vn  is  increased  by — 

1.  Dilatation  of  the  arterioles;    the  blood-pressure  of    the  1 
arteries  is  then  mom  readily  propagated  into  them. 

2.  The  si/.e  of  the  arterioles  n  \  the  sanm.  Lnoreaei 
rial  pressure  from  an                             ill  produce  a  rise  of  capillary 

pi'r.SSUlV. 

3.  By  narrowing  the  veins  leading  from  the  capillary  area ;  cun- 
ts  closure    of    tl>  may  quadruple  the  capillary  pressure. 

This  leads  secondarily  to  an  increased  formation  of  lymph  (dropsy) ; 
as  when  a  luunmr  presses  on  the  veins  coming  from  the  legs. 

4  Any  circumstance  that  leads  to  increased  pressure  in  the  veins 
will  niLily;   this  Ea  bed  by  the  effects  produced   by 

gravity  on  the  circulation,  as  in  alterations  of  posture. 

Capillary  pressure  is  decreased  by  the  opposite  conditions. 

1     i  i  i  m  •.    pressure  is  much  more  influenced   by  changes  in 
venous  pressure,  tlian  by  changes  in  the  arterial  pressure,  since  there 
is  between  the  arteries  and  capillaries  the  variable  and  usually  un- 
known peripheral  resistance  of  the  arterioles, 

Effect  of  ffravUi/  on  the  (niroitLrfiOfk — The  main  effect  of  gravity  is 
tint  the  veins  are  filled  with  blood  in  the  part  which  is  placed  down. 
Thus,  if  an  animal  is  plaeed  suddenly  with  its  legs  hanging  down,  less 
blood  will  go  to  the  heart,  and  the  blood-pressure  in  the  arteries  will 
fall  temporarily  in  consequence.  This  hydrostatic  effect  of  gravity  is 
soon  overcome  by  an  increased  constriction  of  the  vessels  of  the 
splanohnio area,  wii.m  l  ho  vaso-niotor  mechanism  is  working  normally. 
She  i  action  ■  inspiratory  pump"  is  also  of  importance 

in  counteracting  gravity. 

A  very  striking  illustration  of  the  effect  of  gravity  on  the  circula- 
tion can  be  demonstrated  on  the  eel  The  animal  is  amesthotisod, 
and  a  small  window  is  made  in  the  body  wall  to  expose  the  heart. 
If  the  annual  i  upended  tail  downwards,  the  beating  heart  is 

seen  to  be  empty  of  blood;  all  the  blood  accumulates  in  the  tail   and 
lower  part,  of  the  body;   I  nal  has  HO  "respiratory  pump,"  .such 

as  a  mammal  possesses,  to  overcome  the  effects  of  gravity.     If,  how- 
over,  the  animal,  still  with  its  tail  downwards,  be  suspended  in  a  tail 

sol  of  water,  the  pressure  of  the  water  outside  its  body  enables  it 
to  overcome  the  hydrostatic  effect  of  gravitation,  and  the  heart -cavi- 
ties once  mare  till  with  blood  during  every  diastole.  Another  experi- 
iner  .ill;,   performed  by  Sulathe,  oan  be  demonstrated  on  a 

"  hutch '  If  the  animal  is  held  by  the  cars  with  its  legs 

hanging  down,  it  soon  hecomes  unconscious,  ami  if  left  in  that  position 
for  about  half  an  hour  it  will  die.    This  is  due  to  anemia  of  the 
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brain;  the  blood  accumulates  in  the  very  pendulous  abdomen  whi.,h 

and  the  vaso-motor  mechanism  of 
the  splanchnic  area  is  deficient  in  tone,  and  cannot  be  set  into  such 
•us  action  as  is  necessary  to  overcome  the  bad  effects  of  gi 

mess  is,  however,  soon  restored  if  1 1 1* ■  animal  is  placed  in  a 

'tital  position,  or  if  whilo  it  is  still  hanging  vertically  the  abdomen 

is  squeezed  or  bandaged    A  trild  rebbit,  on  t  ne  otfa  suffersno 

incon  from  ii  vortical  position;  it  is  aiBOfi  Itbj  animal  in 

respect;    its  alidomen   is  not  pendulous,  and   its   vaso-motor 

power  is  intact.     (I/ionard  Hill.) 


HI' 


tin.  8T8.— EBhrt.  of  itrcag  tiiroiiUtion  of  tho  twriphorml  mil  or  t»«ti«  oo  arterial  Mood-iif«aare(c*n>(M 
•  if  rshMt).  Not*  •toppau*  of  ln-art  mil  (all  of  bloud-omanire  nrarly  to  nwo;  aft«r  the  rrvtimmtoce. 
meni  of  tb*  baart,  Ua  blood-pnMun  rim*,  u  In  fl<.  S77,  aboro  the  normal  for  a  titort  tlm*. 

The  pressure  in  the  Pulmonary  Circulation  varies  from  \    !• 
(mean  i)  of  that  in  the  systemic  vessels. 

The  influence  of  the   Cardiac    Nerves    on   blood-pressure.      I 
importance  of  the  heart's  action  in  tho  maintenance  of  Mood-pressure 
is  well  shown  by  the  affect  tli   i       u mlation  of  tho  vagus  nerve  lias 
on  the  b!ooi  I  -pressure  curve.     If  the  vagus  of  as  animal  is  exposed 
and  cut  through,  and  the  peripheral  end  stimulated,  the  result  is  that 

tho  heart  is  slowed  or  stopped;  irlal   II I-i-rossure  conse- 

ly  falls;  the  fall  is  especially  sudden  and  great  if  tho  heart  is 
completely  stopped.     There  is  a  rise  in  venous  pressure.     The  effect 
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on  arterial  pressure  i  in  the  I  napanyin       u  inj  a .  fig, 

277  tialj  ;unl    ng.   27 

Btoppage  of  the  hsart ;  in  isos  the  animal  used  was  a  rabbit, 

I  he  artery  the  carotid. 

On  stimulating  the  cardiac  sympathetic  (accelerator  and  augmentor 
Boxes)  the  increased  action  of  the  heart  causes  a  rise  of  arterial  pres- 
sure. 

i     •  effects  of  stimulating  tl i •  -  eenti  il  end  of  the  vagus  and  i»t lior 
nerves  (-.iniiofi  bo  understood  until  we  have  studied  the   raao-tnotOX 
SOL 

The  Velocity  of  the  Blood-flow. 

Wo  have  already  seen  that  the  velocity  of  the  current  of  hlood  is 
inversely  proportional  to  the  sectional  area  of  the  bed  through  which 
it  flows.    The  flow  is,  therefore,  B'  in  the  aorta  and  arteries,  and 

slowest  in  the  capillaries.     In  \  id  nnmberB,  the  rate  is  about 

a  f.iol   |ier  second   in    the  aorta,  and  about  SO  inch  pet  minute  in  the 
:  albinos.     The  capacity  of  the  veins  is  about  tn  iOS  or  thrios  that  of 
the  arteries;  so  the  veloeit  j  in  the  w  ins  if  f  om  ft  half  to  a  third 
that  in  tho  eorrespondillg  arteries.     I  in  the  veins  increase- 

we  approach  the  heal  •  total  sectional  area  of  the  venous  trunks 

hecomos  less  and  less. 

Tho  question  of  velocity  is  one  of  great  importance,  for  it  is  on 

velocity  that  tho  actual  amount  of  blood  supplying  tho  tissuos  mainly 

ends.     In  the  capillaries  the  rate  can  be  measured  by  direct  micro- 

■oopic  investigation  of  the  transparent  portions  of  animals.     E.  II. 

Wi  b  i  and  Valentin  were  among  the  earliest  to  make  these  measure- 

'  the  frog,  and  tho  mean  of  their  estimates  gives  tho  velocity 

■  ente  in  the  systomic  capillaries.     In  warm  hln> 

animals  the  is  somewhat  greater;  in  the  dog  it  is  4\j  to  ,,',„ 

inch  (0."j  to  0*7C  line.)  ]»or  second.     It  must  be  remomlieivd  ili.ii  the 

total  length  of  capillary  vessels  through  which  any  given  portion  of 

blood  has  to  pass  probably  does  not  exceed    t  bob 

(0"5  mm.),  and  therefore  the  tune  required  for  each  quantity  of  blood 

to  traverse  its  own  appointed  portion  of  the  general  capillary  system 

will  scarcely  amount  to  a  second.     It  is  during  this  time  that  the 

hlood  does  its  duties  in  reference  to  nutrition. 

In   the  larger  vessels  direct  observations  of  this  kind  are  not 
id  it  is  necessary  to  have  recourse  to  some  instrumental 
met'. 

Vblkmann  was  the  first  to  make  more  or  less  accurate  measure- 
ments by  introducing  a  lung  U-shaped  glass  tabs  into  Idle  cours 

artery.     A  diognun  of  this  tucmodroi-  as  it  was  termed,  is 

shown  m  the.  .!  diagram  (fig  270);  this  is  filled  with 

silt  solution   and  provided  with  0  Btop-uoea  ■> ,  this  tap  is  so  arranged 
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that  tho  blood  can  flow  straight  across  from  one  eeetaoo  of  the  artery 
to  (  .it  ft  given  instant  it  is  toned  into  tho  posit 

shown  in  iIim  diagram,  end  the  Mood  baa  to  tamoe  the  long  U-tabej 
and  tin"!  time  that  it  takes  ti  ■  the  tube,  the  length  of  which 

is  known,  b  accurately  observe!.     If  the  geotJOMJ  area  of  the  tub 
the  same  as   that  o  -  -tery,  the  velocity  is  obtained  without 

farther  correction;  but  the  difficulty  of  obtaining  glass  tubes  with 
tho  exact  calibre  of  every  blood-vessel  which  one  desires  to  experi- 
nt  with  lad  t"  the  abandonment  oi  this  method,  and  Ludwig's 
Stromuhr  (literally  Btreanx  ok  iti   plate.     This  consists  of  a 

U-shaped  glass  tul m-^  dilated  at  a  and  ends  of  which,  h  md 


a, 


Via.  Z?.'.    V-jIktnaiin't 
HnuoJruinom.  t»r. 


t'fi.  880.-T.u<lwlg'* 


an  of  known  ealibra     She  bulbs  can  bo  filled  by  a  common  opening 
at  k.    Tic;  inatrument  is  ao  contrived  that  at  b  and  h',  the  glass  [ 
is  firmly  tixed  into  metal  i  ylimb-rs.  attached  to  a  ©irculai  utal 

table  c  c,  capable  of  horizontal  movement  on  a  similar  table  d  d, 
about  tho  vertical  axis  marked  in  the  figure  by  a  dotted  line.  The 
oinga  in  cc,  when  tho  instrument  is  in  position,  as  in  fig.  280, 
dirrcsjw.nds  exactly  with  those  in  d  d'\  but  if  c  c  is  turned  at  tight 
angles  to  its  present  position,  there  is  no  communication  between  h 
tad  a  and  t  and  a,  but  h  communicates  directly  with  i;  and  if  turned 
through  two  right  angles  c  communicates  with  d,  and  c  with  d',  and 
there  is  no  direct  communication  between  h  and  f.  The  experiment 
is  performed  in  the  following  way: — The  artery  to  be  investigu. 
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is  divided  and  connected  with  two  cannula  and  tubes  which  fit.  it 
accurately  with  h  and  i;  A  is  the  central  end,  and  t  the  peri- 
pheral ;  the  bulb  a  is  filled  with  olive  oil  up  to  a  point  rather  lower 
than  k,  and  a  and  the  remainder  of  a  is  filled  with  defibrinatcd 
blood ;  tho  tube  on  k  is  thon  carefully  clamped ;  the  tubes  d  and  d' 
aro  also  filled  with  defibrinatcd  blood.  When  everything  is  ready, 
the  blood  is  allowed  to  flow  into  a  through  h,  thus  drii  ing  the  oil 
nto  a'  and  displacing  the  defibrinated  blood  through  t  into  tho 
peripheral  end  of  the  artery;  a  is  then  full  of  oil;  when  the  blood 
reaches  the  former  level  of  the  oil  in  a,  the  disc  c  c  is  turned  rapidly 
through  two  right  anglos,  and  tho  blood  flowing  through  d  into  a 
again  displaces  tho  oil,  which  is  driven  into  a.  This  is  repeated 
several  times,  and  tho  duration  of  the  experiment  noted.  Tho 
capacity  of  a  and  a  is  known  ;  the  diameter  of  tho  artory  is  then 
measured,  and  as  the  number  of  times  a  lias  been  fillod  in  a  given 
time  is  known,  the  velocity  of  the  current  can  be  calculated. 
We  may  take  an  example  to  illustrate  this : — 

volume  per  second      V 
^  sectional  area       "  S ' 

If  the  capacity  of  the  bulb  is  5  c.c,  and  it  required  100  Beconds  to 
fill  it  10  times,  thon  the  amount  of  blood  passing  through  the  inst  la- 
ment would  bo  50  c.c.  in  100  seconds,  or  0'5  c.c  in  1  second.  Next, 
suppose  the  diameter  of  the  artery  is  4  mm.  The  sectional  area  is 
ttt*;  r  is  the  radius  (2  mm.),  and  ir  =  31416.  From  these  data  we 
get 

_  _     ,  V  0-5  c.c.  500  cubic  millimetres 

Velocity  =  -g-  =  ,.1AI„  v  os  ■  t.iiift.  398  «»■  P"  sep- 


31416  x  2- 


31416  x  4 


Many  modifications    of    Ludwig's   original    instrument  have    been 
devised     Kg,  281  shows  Tigeretedt's. 

The  tubes  A  and  B  are  placed  in  connection  with  the  two  ends 
of  the  cut  artery  as  before;  there  is  also  a  turn-table  arrangement  at 
V,  by  mes&B  ol  which  the  two  upper  tubes  C  and  D  may  be  connected 
as  in  the  figure;  or  by  twisting  it  through  two  right  angles,  D  can  be 
made  to  communicate  with  A,  and  C  with  B.  In  place  of  the  two 
bulbs  of  Ludwig's  instrument  there  is  a  glass  cylinder  H  which 
contains  a  metal  ball  E.  The  whole  instrument  is  washed  out  with 
oil  to  delay  clotting,  and  filled  with  deli  Urinated  blood.  As  soon  as 
is  allowed  to  flow  from  the  artery,  the  ball  E  is  driven  over  by 
the  current,  till  it  reaches  the  other  BO  I  oi  the  cylinder;  the  inMru- 
ment  is  then  rapidly  rotated  through  two  right  angles,  and  once 
more  the  ball  is  driven  to  the  opposite  end.     Ti  peated  several 

times,  and  the  number  of  revolutions  during  a  given  period  is  noted. 
The  capacity  of  the  cylinder  minus  that  of  the  l>all  is  ascertained, 
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the  velocity  is  calculated  by  the  bom  formula  as  thiii  ill 
given, 

The  Stromuhr  has  one  advantage  over  the  I  iiioniiiti  i 

that  it  enables  one  to  n-  ;  gea  in  hmhhi  y  doling   the 

course  of  an  aipwUMDl      I  jo-nth 

even  during  a  short  QSporinsnfc  Thus,  in  the  carotid  artery  of  R 
jog,  the  v.-h  H-ir  y  ,,(  1 1  >  *  *  Htroaiu  varied  from  350  to  730  DUO  pet 
second  in  the  course  of  eighty  see  <  ads;  i  the  same  artery  of  the 
iiihl.it,  tin  iom  WOW  «t>ll  more  extensivo  (94  to  226  mm.  per 

second — Dogiel). 

Other  instruments  have  l»oen  devised  which  give  the  variat, 
in  the  velocity  during  the  phases  of  the  heart-beat;   and  some  of 
these  lend  themselves  to  the  graphic  method,  and  give  tracings  of 
what  is  called  the  wfa  o  we  can  understand  those,  it 

is    necessary    first    to    study 

ionabJp  of  velocity  to  Mood- 
pressure.  Mere  records  ..f  blood- 
pressure  give  us  no  :  n  of 

the  velocity  of  the  blood-stream ; 
the  latter  depends,  not  on  the 
absolute  amount  of  ;  .  but 

the  differences  of  pressure 
between  successive  points  of  the 
vascular  system.  When  a  tluid 
is  in  movement  along  a  tulte  the 
forces  maintaining  the  flow  arc 
two  in  number,  we  mm  hydro- 

h\nr.lu\     thi     Other     hyd. 

Thus,  if  we  consider  the  flow 

one  point  in  the  tulie  to  another  (say,  for  example,  at  1  cm.  dis- 

tlie  force  producing  the  flow  are  (1)  the  kinetic  energy  poe- 

aeased  by  the  blood  when  it  enters  the  first  spot  (i.e.  -*~  dynes, 

or      -  gram  umetres);  and  <_>  the  dilTercnce  between  the  I 

lateral  pressures  at  the  two  points  in  question.  The  important 
wit  to  remember  with  respect  to  the  part  the  pressure  plays,  is 
that  the  actual  value  of  the  lateral  pressure  does  not  matter,  but 
that  the  resulting  velocity,  so  far  as  pressure  is  concerned,  depends 
<>idy  upon  tho  fall  of  pressure  beta  There  ion, 

the  iiiient  to  l»e  determined  is  tho  rate  01  fall  of  pressure, 

or,  as  it  is  usually  expressed,  the  pressure  gradient.  The  steeper 
this  gradient  la,  the  more  rapid  is  the  flow.  Thus,  if  an  artery 
is  suddenly  cut  across,  the  blood  will  spurt  out  at  a  far  greater 
velocity  than    it   possessed   when   flowing  along  tho  intact  arton , 


fin.  SI.—  Tlgemadl'a  semroufcr. 
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because   tho   pressure  gradient  has   been  enormously  increased 
steepness.     If,  on  tho  other  band,  we  suddenly  cut  across  a  vein 
along  whicli  tho  blood  bad  been   flowi  I  he  same  pace  as  in   the 

tntaot    artery   first   investigated,    the    flow   will   not   bo   markedly 
accelerated,  because  the  change  to  pressure  gradient  has  not  I" 
increased  to  noarly  bo  great  an  extent. 

Again,  the  flow  along  a  vein  is  just  as  rapid  as  along  an  artery 
of  the  same  size,  for  although  the  actual  pressure  in  the  •  men 

less,  the  pressure  gradient  IS  just  as  steep. 

Tho  influence  of  the  kinetic  factor  is  also  of  great  important 
tho  consideration  uf  the  flow  of  blood  along  the  arteries  and  veins. 
In  the  first  place,  it  is  obviously  possible  for  the  blood  to  flow  from 
one  point  to  another  at  a  higher  pressure  if  the  kinetic  energy  at  the 
first  point  is  more  than  enough  to  compensate  for  the  pressure 
increase.  Under  such  circumstances  the  velocity  at  tho  second 
point  must  of  course  be  less  than  that  at  the  first.  This  implies, 
therefore,  that  the  bed  of  the  stream  has  widenedj  and  under  en 

•  •.in  iniistani'i  lood    OOUld   actually  llow  uphill.     In   the  case  of 

the  veins,  as  we  have  previously  seen,  tho  bed  continuously  narrows, 
so  tliat  this  cannot  take  place;  still  le  to  conceive  maoll 

a  condition  to  occur  as  that  in  which  the  blood  from  a  well-filled 
vein  omptios  into  a  more  collapsed  larger  vein  situated  at  a  higher 
level.     The  one  instance  in  which  this  effect  is  pro<!  d  is  of 

great  importance  is  in  the  filling  of  the  auricles  and  ventricles.  As 
these  cavities  fill,  the  blood  comes  to  rest  and  so  loses  all  kinetic 
energy;  consequently  the  whole  of  the  kinetic  energy  possessed 
by  the  blood  flowing  in  the  veins  is  converted  into  static  enei 

;  is,  into  a  pressure-head;  in  this  my  i;  [as  aro  distended 

to  a  much  higher  pressure  than  that  in  lip-  treat  vciriH.  Tho 
acuta  distension   of  the  right  which   follow:-  any   sudden 

failure   of    the    right   ventricle   to  about  chiefly  Lu   this 

way. 

It  is  usual  to  speak  of  i ;  d  pressure  of  the  blood  on  tho 

renal  trail  u  the  prmun-faad,  and  of  the  Idnetie  energy  meaaored 
in  terms  of  a  pressure  as  tho  velocity -haul.  We  could  then  say  that 
the  velocity  between  any  two  points  is  determined  by  i  ho  differenco 
between  the  two  presanre-heade  plus  the  velocity-head  at  the  first 
point.  One  method  of  recording  the  velocity-head  is  by  the  use  of 
a  tnbe  (I'itot's  tube)  shape<l  as  in  the  accompanying  figure  (fig.  282). 
Tho  blood  is  made  to  enter  at  A.  and  leave  through  B;  in  the  same 
straight  line  as  A  is  a  tube  <_'.  and  a  second  tube  D  Es  ; ■!'.■.  .\  at  right 
angles  to  the  tube  B.  If  the  tubee  C  and  J)  are  placed  vertically 
and  were  Sufficiently    ti  •    blood    would    (low    up    (J    until    it 

■  mi  li  d   a   height,  which    would   balance  tho    pros.-Min-  hi  ad   plvi  the 

velocity-head  ;  bi  D  it.  would  orilj  ree<  h  ft  height  sufTicient  to  balance 
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the  pressure-head;  the  difference  in  height  tetween  tho  two  would 
icroforc  givo  the  velocity-head.    As  the  tubes  would  in  this  way 

is  better  to  use  short  tubes  coo  nee  ted  at 
tho  top  l'V  glass  or  rubber-tubing.  The  air  contained  will  bo  com - 
>reftsed,  ami  fchfi  two  pressure-heads  will  bsJaBCS  OHO  Wether 
the  difference  in  height  will  again  represent  the  Telocity-bead;  the 
velocity  will  be  directly  proportional  to  the  square  root  of  this 
vehx -.ity-head.  This  is  the  principle  of  one  of  the  best  instramentc 
we  possess  for  determining  vol o<  it y,  namely,  Cybulsk  |  hi  to-hfemato- 
<  honicter.  Tho  meniscus  of  the  fluid  in  each  tube  is  photographed 
on  a  moving  sonsitive  plate,  and  in  this 
way  a  graphic  record  is  obtained  of  the 
changes  in  velocity  at  times  corresponding 
to  different  parts  of  the  cardiac  cycle.  If 
one  wishes  to  determine  the  veloci' 
absolute  measures,  the  instrument  must  bo 
iously  calibrated  by  passing  through 
it  fluids  flowing  at  known  rates.  It  will 
be  sufficient  to  give  the  results  of  one 
experiment;  in  the  carotid  artery  during 
the  ventricular  systole  the  flow  was  at  the 
rate  of  238-248  nun.  per  second;  during 
tho  diastolo  it  sank  to  127-156;  in  tho 
femoral  artery  of  the  same  animal,  these 
nuni'  to  356  and   177  respectively. 

To  determine  the  pressure  gradient  in 
arteries,  simultaneous  measurements  of 
the  lateral  pressures  in  two  vessels  at 
different  distances  from  the  heart  must  be 

led 

It  has  been  found  that  the  diastolic 
pressures  in  tlm  crura]  and  carotid  are 
1  v  i<l'  iilh-.il,  bat  that  the  maximum 
systolic  pressure  is  actually  higher  in  the 
crural  than  in  tho  carotid;  in  the  dog  the  difference  may  amount 
to  as  much  as  60  mm.  mercury.  This  difference  is  partly  to  be 
explained  in  ih  it  the  carotid  arises  from  the  aorta  at  a  right  angle, 
and  therefore  gives  the  true  pressure-head,  while  the  crural,  to  a  i 

Oracle  extent,  faces  the  stream,  and  therefore  gives  both  pressure- 
head  and  velocity -head. 

I'll  fortunately,  at  present  no  really  satisfactory  measurements  are 
at  hand  from  which  the  pressure  gradient  can  be  determined 

'>ulski's  instrument  is  not  the  onlj  one  we  possess  for  obtaining 
records  of  the  volocity-pulso.  Virmrdt  invented  a  hneino-tachoraeter, 
employing  tee  principle  of  the  hydrometric  pendulum ;  his  instrument 


B 


nil.    38S.-   Diagram    to    Illustrate 
tli«i   [.i  •  •  .  Tube 

anil   bybuUkl'i  HifiUj-hirni»tti. 
fhometer. 
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was  improved  by  Ohauvnau.  u's  instrument  is  shown  in 

28& 

It  ''insists  of  a  thin  (MM  tuJ»-.  a,  in  DOB  side  of  which  is  n  smnll  perforation 
dosed  by  thin  vulcanised  indiarubber.  Passing  through  the  rubber  is  a  tine  lever, 
one  end  of  which,  slightly  liattened. 
cxliiiils  into  the  lumm  of  tin-  tube. 

the  other  mores  over  the  face 
of  a  dial.  The  tube  is  inserti-d  into 
the  interior  of  nn  nr-n-ry,    m.l  liga- 

apfilied  to  fix  it,  00  th.i      l  !• 

rill;  jiitls.  .'    i.r  .  UN    I'llHI 

velocity  with  etdl  heart-beat,  may 
be  indicated  by  tin-  movement  <■!" 
the  outer  extremity  of  the  lever  on 
the  face  of  Uh   d 

in  ardor  to  obtain  the 
actual  viluo  of  those  move- 
ments in  terms  of  velo 

i linen t  must  be  calibrated 
beforehand.  The  next  dia- 
gram, fig.  284,  shows  how  the 
iu:MniinM!it  may  be  adapted 
to  give  a  graphic  re<  I 
The  movemcvii  \w.   pen- 

dulum are  brought  to  boat  upon  a  tambour  R,  which  communicates 
by  a  tube  with  the  recording  tambour  C.  If  the  mass  of  the  pen- 
dulum is  small,  the  accuracy  of  the  instrument  is  considerable. 
Fig.  285  shows  the  tracing  obtained  from  the  carotid  artory  of 
the  horse.  Tho  pressure  curve  is  placed  below  it  for  purposo  of 
•in  | arisen.  The  tracing  shows  the  effects  daring  the  time  corre- 
sponding to  one  cirdn  On  both  creunrafl  the  upstroke  ii  Lhe 


a 


-3. — Diagram  of  ChsoTtau  '■  Dromtw.  | 
t«bo  for  introduction  Sntn  ttt«  talma  of  ttvo  aiW 
and     L-oiiUinlnK    an    Index    newlto,   ithii  It    . 

«tutir    BiembrAOA    in    111    *ldf,   and 

more*    by    the    impuUo    of    tin?    blood    mrrrnt. 

.-lalnd  urate,  fur  mrasurtag  the  nunt  of  U» 


\.\ 


i  iiaincau'*  Dromognijli  cuiuwcted  with  Uni  bourn  10  glw  a  graphic  record. 

afibol  of  the  ventricular  systole;  this  terminates  at  the  apex  of  the 
first  small  curve  (between  the  vertical  lines  3  and  4)  on  the  down - 
stroke  of  the  pressure  curve,  the  rest  of  the  down3troke  until  tin- 
commencement  of  tho  next  systolo  (line  5)  corresponds  will 
rentrietllar  djaatolo.  Beyond  the  line  4  is  a  larger  secondary  wave, 
winch  m  known  .is  the  dicrotic  wave;  the  smaller  post-dicrotic  waves 
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doe  to  r.i.'isiic  vibrations,     We  shall  be  sum  those  points 

more  in  detail  when  we  come  to  the  pulse.     W  in m  ■■•■<■■  BOnupase  the 
two  curves  together  we  note  th  a  so  reaches  its  maxi- 

mum before  the  pressure  curve;  this  is  because,  as  the  arteries  become 
overfilled,  the  heart  cannot  mftint  <  locity  of  output.    The 

1  is  thus  forced  along  the  arteries ;  then  comes  the  diastole,  and 
the  recoil  of  the  elastic  arteries  not  only  forr-  tood  on  v. 

but  also  produces  a  back -swing  against  the  closed  uortic  valves ;  this 
produces  the  notch  before  the  dicrotic  wuve;  the  blood  is  reflected 
from  the  aortic  valves,  once  more  producing  a  positive  wave  (the 
dicrotic  wave).  This  affects  both  speed  and  pressure.  It  will  l>o 
noticed  that  during  the  dieroi  io  DOteh  the  pressure  falls  compara' 
little,  but  in  the  velocity  .  nrro  the  f.ill  is  cniHidoraMe,  and  the  curve 
sinks  below  the  base  line  oo.     This  negative  effect  is  naturally  much 


to,  ittitm 

-lodty  cnrv»;  1,  3.  i,  i  itiow  »imulUim»u»  poltiU  on  both  cutvm.    (Chauvmu  and  Muvy.) 

more  marlfsd  in  the  aorta  and  its  first  large  branches  than  in  situa- 
tions further  from  the  heart. 

In  actual  values  Chauveau  found  that  the  velocitv  in  the  horse's 
carotid  reached  520  mm.  per  second  during  systole;  it  sank  to  220 
at  th--  linn-  of  ili<*  dicrotic  wave,  and  to  150  during  diastola 

Tho  effect  on  the  blood-flow  of  functional  activity  or  vaso-inotor 
ohangefl  has  also  been  observed.  Thus  Lortet  found  that  the  carotid 
flow  is  five  or  six  times  greater  when  the  horse  is  actively  masti- 
than  when  it  is  at  rest.  After  section  of  the  cervical  sympathetic, 
the  lessening  of  the  peripheral  resistance  raisod  tho  velocity  from 
540  to  750  mm.  per  second. 

The  Time  of  a  Complete  Circulation. 

Among  the  earliest  invostigators  of  tho  question  how  long  an 
entire  circulation  takes,  was  Hering.  lie  injected  a  solution  of 
potassium  ferrocyanide  into  the  central  end  of  a  divided  jugular 
Yoiu,  and  collected  the  blood  either  from  the  other  end  of  the  same 
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vein,  or  from  the  OQtraBpOQi  I  0   ol    bbfl  oti         ide      The     - 1 1 » — 

stance  injected  is  one  that  can  bo  readily  detected  in  ieal 

test  (the  prussian  blue  reaction).     Vierordt  improved  this 
by  collecting  the  blood  as  it  flowed  out,  in  a  rotating  disc  divided 
into  a  number  of  compartments.     The  blood  was  tested  in  each  com- 

I :t.  and  the  ferrocyanide  discovered  in  one  which  in  the  cab' 
the  horse  received  the  mood  about  half  a  minute  after  the  inject 
had  been  made.     The  experiment  was  performed  in  a  large  nam  1  Hii' 
of  animals,  and  the  following  were  a  few  of  the  results  obtained: — 


In  the  horse 
dog 

eat 

H  fowl 


31  w 
16 
6*5     . 

5       „ 


lit  these  numbers  show  no  agroennui,  I  ait  in  each  case 
it  was  found  that  the  time  occupied  was  27  hoart-lioaUi.  The  dog's 
heart,  for  instance,  beats  twice  as  fast  as  the  horse's,  and  so  the  time 
of  the  entire  circulation  only  occupies  half  as  much  time. 

The  ijuestion  has  recently  been  re-investigated  by  Stewart 
unproved  methods,  which  h  .n    i liit  fte  emulation   tunc 

considerably  leM  thun  was  found  by  the  researches  of  Heting  and 

K.ndt.     The  great  objection  to  'lie  oldor  method  is  th  (hat 

hsBmocrhage  is  occurring  throughout  the  expttcunentj  and  this  would 
iii  itorially  weaken  the  heart  and  slow  down  the  circulation.  Stewart 
has  employed  two  methods.  In  the  first,  the  carotid  artery  is  exposed, 
and  non-polarisable  electrodes  applied  to  it.  These  are  placed  in 
circuit  with  a  cell,  a  galvanometer  and  one  arm  of  a  Whoatstone's 
badge.     After  the  resistances  in  the  bridge  have  boon  balanced, 

meter  needle  brought  to  rest,  a  small  quantity  of  strong 
sodium  chloride  solution  is  injected  into  the  opposite  jugular  vein. 
As  soon  as  the  salt  reaches  the  carotid  artery,  the  resistance  of  the 
blood  is  altered,  the  balance  of  the  Whoatstono's  bridge  is  upset,  and 
the  galvanometer  needle  moves.  The  period  botwoen  the  injection 
and  the  swing  of  the  noodle  is  accurately  noted. 

The  second  method  usod  is  even  simpler,  and  gives  practically  the 
suue  results;  a  solution  of  methylene  blue  is  injected  into  the 
jugular  vein.  The  carotid  artery  on  the  opposite  side  is  exposed, 
placed  upon  a  sheet  of  white  paper,  and  strongly  illuminated.  The 
time  is  noted  between  the  injection  and  the  moment  when  the  blue 
colour  is  seen  to  appear  in  the  artery.  Stewart  has  applied  these 
methods  also  for  determining  the  time  occupied  by  the  passage  of 
blood  through  various  districts  of  the  circulation;  the  longest  circula- 
tion times  were  found  in  the  kidney,  the  portal  system,  and  the 
lower  limbs.  Ho  calculates  that  the  total  circulation  time  in  man 
is  about  15  seconds. 
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I  these  methods,  o  the  time  time  of  the  entire 

■iiliitiiui  ;  tin"  i-relv  tli*;  Shortest  DOSSiDle  1 1 1 1 n ■  it:  whiofa  I 

particle  of  blood  can   travel  through   the  shortest  pathway     The 
blood  that  ti  i.oiw'i  e  a  broad  path- 

way through  wide  ies,  will  arrive  Far  more  speedily  it  its 

that  which  creeps  through  tortuouB  or  constricted 
.'easels.    Ihe  di  ■  lervatiana  of  Xigi  dv 

left  •. .  ni !  iele  show  that  the  circulation  time  «.f  the  whole  blood  is  at 
least  five  tiiiiea  as  long  as  the  period  arrived  at  by  the  Hoi 
method.    It  is  therefore  faUasSous  to  use  the  oiroulation   times 
arrived  at  1  ••.   1  [ei  tag's  or  Stewartfa  muthods  sa  a  basis  for  call 
the  total  amouni  of  the  blood 

The  Pulse. 

This  is  the  most  characteristic  foaturo  of  the  arterial  Bow.     It  is 
the  response  ot  orial  wall  to  the  changes  in  lateral  pressure 

causod  by  each  heart-beat. 

A  I'll'. sii.ian  usually  feels  the  pulse  in  the  radial  artery,  since  tins 
Don  the  sum  i    .,  ■-.  l  supported  by  bona    It  is  s  most  valuable 


Pro.  "so.  _  M»r»j  .  S(.li>  «tnagrapb,  modUlol  bj  M.< 


indication  <>t  she  condition  ••!    the  patient's  heart  and  vessels.      It  is 
necessary  in  feeling  a  pulse  to  note  the  following  points; — 

1.  It*  frequency ;  that  is  the  Dumber  of  pulso-beats  per  minute. 

This  gives  tin-  rate  of  llr-  li  'art-brats. 
Its  strength;  whether  it  is  a  Strong, bounding  pulse,  01  8  I 
heat  J    llii>    indicates    the   force    with    nrhioh    I  bfl    heart   is 
bead 
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3.  Its  regularity  or  irregularity  ;  irregularity  ma]  -wing  to 

golar  Oardiao  action  either  iu  force  or  iu  rhythm. 

4.  Its  tension ;  I  lie  force  necessary  to  obliterate  it.     Tins 

gives  an  in  state  of  tfa  ial  walls  and  the 

peri] 
In  ilisi'.  aarooexti  \i  in  1 1 *•  -  pnlsa, of  which  ws 

shall  mention  only  two;  namely,  the  intermittent  pulse,  duo  bo  bin 


- -".     IHagmni  uf  Uie  Uver  of  thi  SphyKniojimpli. 

heart  missing  a  beat  BOW  and  then;  and  the  water  hammer 

pulse,  due  either  to  aortic  regurgitation  or  to  a  loss  of  elasticity  .i 
the  arterial  walls;  either  of  Lhasa  eircuiustauues  diminishes  the 
onwurd  flow  of  blood  during  bhe  heart's  diastole,  and  thus  the  sudden- 
ness of  the  Impact  of  tin.:  blood  on  the  arterial  wall  during  systole  is 
increased.  when  this  condition  is  due  bo  arterial  disease,  such  as 
atheroma  or  calcification,  this  sudden  pulse,  combined  with  the 
decreased  extensibility  of  the  arteries,  may  lead  to  rupture  of  the 


:npli  »jij<1I<»1  to  On-  ann. 


walls,  and  this  is  especially  serious  if  it  occurs  in  the  arteries  of  tho 
brain  (one  cause  of  apoplexy). 

In  order  to  study  tho  pulse  morn  fully,  it  is  necessary  to  obtain 
a  graphic  record  of  tho  pulse-boat,  and  this  is  accomplish' -d  by  the 
use  of  an  instrument  called  the  sphygmograph.  This  instrument 
ta  of  a  series  of  lovers,  at  uno  i-nd  i.f  which  Efl  ;i  button  placed 
tivor  the  artery ;  the  other  end  is  provided  with  a  writing-point  to 
inscribe  the  magnified  record  of  the  arterial  movement  on  a  travelling 
surface. 
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The  instrmninis  in  h  «e  of  Maroy,  one  of 

■      modifii  ..'Midi  in  ii'uros  286, 
and  288  and  of  Dudgeon  (fig.  286). 


vfc- 


Fjo.  a».— l>u^t?^>r«'«  HpliytmoKtiph,    Tho  doUml  miUm*  r*fir*«iimU  the  piece  of  blackened  paper  on 

magna  i»  mitten. 

Each  in  i  provided  with  an  amusement  by  which  tho 

pressure  can  lie  adjusted  BO  as  to  obtain  t lio  lies t  record.  The 
measurement  of  the  preonn  ougb,  and  both  inftrnmentt 

have  i  oacfllal  then  own  to  the 

no;  :  - .  j . :  :  i 

able  in  Dudgeon's  sphyginograph. 
Hut  thoso   il  I*)  oven 

by   the  U80  form  of  sphyg- 

mometer. (See  later,  p.  292).  It  is 
also  important  t"  rexnambei  that  the 
pad  or  button  placed  upon  the  artery 
rests  partly  on  the  vona;  com  i  Los,  so 
ilra  ool  "'il;.  but  any 

turgidity  arising  from  '.'-nous  conges- 
tion,  will  aflbot  the  height  and  form 
of  the  Bphy-n  raoorit. 

Big.  290  represents  i  typical 
mographic  tracing  obtained  i  radiaJ  artery.     It  consists  of 

ail  upstroke  due  bo  the  expansion  of  the  artery,  an.  1  ■  downstroke 
due  to  its  retraction.  Tho  desooat  is  more  gradual  than  the  up- 
stroke,  because  the  elastic  recoil  acts  iuoro  constantly  and  steadily 

T 


2W.  -  t'uwraoi  uf  i  \.  ».ap- 
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i  ii   i.Ii  1  b  •-nt-boat     On  tho  descent  are  sovoral  secondary  (kata- 

A  primarjf,  or  percussion  wave;  C  is  th 

tidal  wave;  1)  is  tho  dicrotic  wave,  uud  E    ihe  post -dicrotic  wave, 
and  (it  these  there  may  bo  several.     Tn  some-  rare  cases  there  : 
secondary  wave  on   the  upstroke,  which  is  called  an  anacrotic  w 
S01> 
These   various   secondary    waves    Live   received    different    inl«i- 
■lit  the  best  way  of  explaining  them  is  derived   From 

meous  tracings  of  tho  pulse, 
aortic  pressure,  apex  l.ioat,  and  into  .  as  in 

researches  of  H::    b         Bi  this  means  it  is  found  thai  ion 

ir  during  the  systole  of  the  h 
rae  during  the  du  The  closure  oi  the  aorfefo  valves  OOOUEfl 

I  ust,  lief  ore  the  dicrotic  wave.     The  secondary  wavos  en  the  don 
Btroko  other  than  the  dicrotic  are  duo  to  the  elastic  tension  of  the 
arteries,  and  aro  increased  in  ntonbex  irhen  tho  tension  of  the  arteries 


.  i     •      Dj  ItlMi 

is  greatest.  Some  of  the  post-dicrotic  waves  are  also  doubtless 
instrumental  in  origin.  The  dicrotic  wave  has  a  different  origin.  It 
was  at  one  time  thought  thai  this  »  IV€  was  duo  to  a  wave  of  pressure 
reflo  ted  from  tine  periphery)  bul  this  view  is  at  once  excluded  by  the 
fact  that  wherever  we  take  the  poise  I  su  tag,  whether  from  the  aorta, 

idial,  din.-;tlis  pedis,  or  elsewhere,  this  .secondary  elevation 
always  follows  tho  peroussion  wave  after  the  same  interval,  showing 
that  it  has  its  origin  in  the  commencement  of  The  arterial  system. 
Moreover,  a  single  pressure-wave  reflected  from  the  periphery  would 
be  impossible,  us  such  a  wave  reflected  from  one  part  would  be  inter- 
fered with  by  moreover,  s  dicrotic  elevi 
produced  by  a  refleoted  from  the  periphery,  would  be 
increased  high  peripheral  resistance,  and  not  diminished  as  is 
actually  the  case. 

The  primai;.  the  dicrotic  wave  is  the  closure  of  the  semi- 

lunar v  ilvcs;  as  aire:  lamed   when  we  wore  considering  the 

rotac&y  pulse  (p.   2851  How  of  blood   into  the  aorta  Mid  I 

coases,  and  the  bloml  is  driven  liaek  against  the  rinsed  aoi 'tie  dooTB 
by  the  elastic  recoil  of  the  aorta;  no  wave  rebounds  froai  these 
iii  1    tfl    propagated    through    tho   arterial    .system    Bfl    the    dicrotic 
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nil     Til-  pn    neti 
low  blood-pressnxi  ,  ai  In  fever. 

Such  ■  pulse  18  sailed  ■  diet  otic  puis*..-  i  lig.  .  !  I  tho  second  beat 

can  be  easily  felt  by  i;     ■  an  bha  radial  artery. 

Tho   jm  I  '-'1    by  systole 

up  top  at  its  .summit,  Lb  due  ta  tin- 

«if  the  li  toe  sphyginograph.     If  it 

-■  possible         I  !•  i  a  true  record 

.if    what    P-.illy    occurs,    WB    .-: 

Ilees  have  e  tracing  ai  - 
by   the    continuous    Una    in    the 
accompanying  figure  l 
apex  of  the  tidal  wave,  B  marks  (he  i  aucpaiw. 

anc  el  ti.  ■  ola. 

In  our  -Mi'i>  i  a  pressure,  we  bow  that  the  sysl 

-  an  ascending,  sometimes  a  descending,  slope 
(see  p.  243);  we  no  ■to  the  qxplanu  I 

it  sudden  rise  of  pressui  aorta  the  peripheral  resistance 

n  low, and  the  blood  one  be  d  i  from  the  aorta  '"Mr.-  i.ipidly 

than  it  is  thrown  in.  the  plstsaa  will  .sink.      If.  on   the  other   I)  mi'!: 

riphera]  icrtae  preeanre  win  rise  as  long 

;ia  the  blood  i*  Bowin  :  in,  ading  sysl  die  plateau 

and  an  anacrotic  pulse.     Thus  an  anacrotic  pulse 

t*n  in  Bright's  disease,  where  the  peripheral 

tanoe  is  very  high. 

If  a   Ion  i.s  taken,  ihe  effect  of 

in  be  eeen  causing  an  inoreae 

I  a  slight  accelerate  m   of  the  houtt's 
during  inspiration. 
T  i  i   oan  be  demon- 

strated without  the  use  of  any  instrument  el    ill 
iQowing  tho  blood  to  spin  a  eat  artery 

on  I-  the  surface  ol  a  largo  sheet  of  whito  paper 
We  thus  obtain  what  is  very  appropriately  called 
194). 

A  died  iust  be  drawn  between  the  pulse  as  felt  at 

one  spot  in  the  ■  an  artery,  and  the  pulse-wave  wW 

propagated  throughout  the  arterial  system.    This  wavoof  expm> 

s  along  the  arteries,  and  is  started  by  the  propidsion  of  the 
contents  o!  the  left  ventricle  into  the  already  full  arterial  sv 

:  -Mm  distant  die  artery  from  the  heart,  the  longer  the  intorval 
that  elapses  between  the  ventricular  lieat  and  the  arrival  of  the 
[Hilse-wave    Thus  it  la  fell  in  tin  d  earlier  than  in  the  i 

and  i-   -nil   later  in   the  done!  arter]   ol  tin  Vbe 

is,  how  -ht;  it  minute  frac- 
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tion  of  t;  tlio  wave  travels  at  the  rale  of  froin  5  to  10  metres 

a  Rooondi  that  is  twenty  to  thirty  times  the  rate  of  the  blood  current. 

of  Am  Putn  Wtte*.— Ths  method  of  ascertaining  this 
Ik-  Uhubsted  bj  th  tube  Into  which  fluid  If  forced  by 

the  sudden  stroke  i»f  a  pump.      If  a  series  of  levers  arc  plut-cd 
nlong  the  tube  at  measured  nearest  thepmnp 

DM  farthest  from  it  last.  If  these  arc  arranged 
to  write  on  a  revolving  cylinder  under  one  another,  (his  will 
Im  Bhovm  graphically,  and  the  t  if  lit  interval  between  their 
tenia  can  be  measured  by  u  time  tracing.  The  same 
principle  is  applfad  to  the  arteries  of  the  IkkIv  : 
M«rey'>  tambours  arc  applied  to  the  heart  and  to  various 
arteries  at  known  distances  from  the  heart ;  their  levers  are 
arranged  to  write  immediately  under  one  another,  as  in  fig.  248. 
The  difference  In  time  between  the  commencement  of  their  up- 
strokes is  measured  by  B  time  tracing  in  the  usual  way. 

Th'  ,•.  ii  h  a  sji  raph  is  that 

</i  the  pressure  pulse;  we  may  regard  it  as  a  blood- 
pressure  tracing  without  a  base  line.  The  actual 
measurement  of  the  blood-pressure  in  the  human 
Bubjoet  cannot  obviously  l»o  effected  by  the  appar- 
atus omploynil  00  animals,  and  niiumrmis  instru- 
i  I      d    h      ii  ••'!  f»»r  the  purpose  which 

may  bo  applied  to  tho  vessels  without  any  diasec- 
I  b  ii  OlM  of  the  simplest  of  these  sphygmometers,  as  they  are  termed, 
has  been  introduced  by  Hill  and  Uarnard. 

The  Installment  oonaistl  of  a  vertical  glass  LuIkj  about  five  inches 
in  length,  whioh  expands  above  into  a  small  bulb, 

and    is  closeil  at  thn  l»\>  by  a  glaSS  lap  (see  fig.  206). 

all  indiarabbor  bag  is  fixed  i  tbe  oelow; 

this,  is  surrounded  by  a  metal  cup,  attached  in  such 
a  way  that  only  the  base  of  the  bag  is  Tlte 

bag  is  tilled  with  <■<■[•  -\    d   I'm d      On  pressing  tho 

nnflnl  down  over  the  radial  or  other  artery,  the 
fluid  risos  in  the  tube  and  compresses  tho  air  in  the 
bulb;  tlm  1$X  acts  as  an  elastic  spring.  The  man 
one  presses  the  more  the  lluid  rises;  at  a  certain 
i  be  meniscus  of  the  fluid  exhibits  more  pulsa- 
tion than  it  does  at  any  other  height  (maximal 
pulsation).  The  tube  is  empirically  graduate  in 
divisn  correspond  to  millimetres  of  m»i 

pressure.     Tho  point  of  maximal  pulsation  gives  the 
arterial  pressure.     Before  each  observation  the  tap 
is  opened,  and  by  gentle  pressure  on  the  bag  the  fluid  is  set  at  the 
sen  in  uk  on  the  scale.    Thus  errors  due  to  changes  in  barometric 
pressure  or  torn \  m  ivoided. 

Wo  now  coma  to  the  explanation  why  the  maximal  pulsation  gives 
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us  a  reading  of  arterial  pressure.     If  the  m  man  inside  and 

outside  an  arterv  ho  made  equal,  then  the  wall  of  the  vessel  is  able 
to   vibrate   at  each  pulse  with   the  greatest  freedom.     Tim   m 
]>ressure  is  less   than  the  systoli. ,   lut  greater  than   the  diastolic 
pressure;  thus  during  the  heart's  systole  the  artery  is  o]*ned  out 
to  its  fullest  extent,  while    luring  the  heart's  diastolo  its  lumen  is 
obliterated ;  heuco  tho  vessel  wall  swings  with  the  greatest  amplitude. 
Tf  tho  pressure  exerted  by  tho  sphygmometer  is  less  than  the  mean 
arterial  pressure,  tho  artery  will  not  be  compressed  to  its  utmost 
during  diastole;  if,  on  the  other  hand,  the  pressure  exertod  is  greater 
than  the  mean,  the  artery  will  not  fully  expand  during  systole.     In 
either  case,  the  pulsation  will  not  be  so  great  as  when  the  pressure 
exerted  on  the  outside  of  the  artery  equals  the  mean  pressure  within. 
By  recording  the  arterial  pi  wnxs  in  the  dog  with  a  men 
lometer  and  the  sphygmometer  BnnaHaneously,  the  insti 
has  boon  bond        ..'■■■■■    burly  accurate  results  (see  note  at  end 
this  chapter,  p.  31>> 

The  normal  pressure  in  the  radial  artery  of  healthy  young  ad 
is  110  to  120  mm.   Hg.      1.  s  to  be  as  *  is  tin:  body 

temperature.  In  the  recumbent  posture  the  pressure  is  slightly 
li-wor  than  in  the  erect  position.  This  relation  is  reversed  in  condi- 
tio of  exhaustion.  During  muscular  o>.  Em  pressure  is  raised, 
while  in  the  subsequent  period  of  rest  it  is  Baocormsl  Mental 
work  raises  the  preseure;  daring  rest  sod  sleep  it  is  lowered    Tho 

taking  of  food  produces  no  noteworthy  effect.  In  disease  there  are 
naturally  variations  in  different  directions,  and  the  study  of  these 
lias  already  yielded  valuable  results. 

With  this  instrument  the  venous  press  also  be  obtained 

Lii  the  manner  suggested  by  Dr  George  Oliver.     On  the  bac I 
hand   or   arm  a    vein  is  chosen    free   from      l.astoroosos,   and 
sphygmometer  is  pressed  upon  the  peripheral  end  of  this.     The  • 
is  then  emptied  centrally — i.e.,  towards  the  heart — by  the  pressure  of 
tin    ;  he  pressure  in  the  sphygmometer  is  gradually 

lazed,  and  the  exact  height  noted  at  which  the  vein  refills  with  blood. 

Since  the  flow  of  blood  through  the  capillaries  is  maintained  by 
the  difference  in  pressure  betwc  ;  y  and  vem,  wc  run. 

obtaining  readings  both  of  the  arterial  and  of  tho  venous  pressin 
estimate   Urn  comparative    efficiency   of  the  capillary    eii  -eidalion    in 

man  under  razying  conditions. 


The  Capillary  Flow. 

When  the  capillary  qui                         hied  i  nsparent 

pari  da  living  animal  by  means  of  th             cope  the  blood  is  Reen 

to  Bow  with  a   oonstant  equable  motion  orpuscle* 
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move  along,  mostly  in  single  bend  in  various  ways  to 

accomnvnl.it.'-  ihemselves  bo  1  DM  course  of  the  capillary,  but 

instantly  recover  their  norma]  reaching  *  a id  r  raaaaL 

At  the  circumforeij'  am  in  the  larger  capillaries,  and 

in  the  small  arteries  end  veil  oi  blood- pla 

i  ontaot  wil  I  ills  of  tl  I  bent,  which 

moves  more  slowly  than  the  blood  En  the  oentre.    Anyone  who  lias 

ed   on  ft  river  will   know  that  the   Bwiftesl  on  the 

middle  of  the  stream.    The  redoor]  iddleof  the 

stream  and  mo vo  wit  :  less  corpuscles 

ran  much  more  slowly  by  the  v  reseel;  while  next  to  the 

j  a  transp  'ace  in  which  the  fluid  is  at  oomperati 

rest  (the  so-called  "still  hue!  ");  if  any  •  >!  th"  corpuscles  happec  to 
•  1  within  it,  they  move  more  slowly  then  before,  rolling  budly 
along  I  be  ide  of  the  vessel,  and  oft  i 

times,  when  the.  motion  of  tin'  M  iny  of  the  white 

DorpUBelea  collect  in  a  capillary  vessel,  and  for  a  tirao  entirely  prevent 
the  [  ►assage  of  the  ted  corpuscles. 

When    the    peripheral    resistance   is   greatly   diminish,  d    bj 
dilii  !  the  small  arteries,  so  nnieli  blood  passes  on  from  Lhe 

arteries  into  the  oapillariefl  al  oaoh  stroke  of  the  heart,  that  there  la 

not   s i j Hi c.i i >i 1 1  1 1 ■  i u. t  j n i 1 1 •_•  arteries   t.i  id    them.     Thus,  the 

.  onrrenl  of  theventricnl  ole  is  not  converted  into 

Don  Str  I      icity  ol  the  arteries  before  tho  capil- 

laries  arereaohed;  and  bo  Entennittancy  of  the  flow  occurs  both  in 
capillaries  and  \  d  a  puke  e.  The  sumo  pheno- 

menon may  occur  when  become  rigid  from  disease,  .-md 

when  the  Seat  ol  the  hi  irt  is  so  slow  or  so  feeble  that  the  hlood  at 
eaeheerdiao  has  tim<  iee  be  fore  the 

next  stroke  occurs;  the  ftinonnt  ol  al  oul  at  each  stroke  is 

then  insufficient  to  properly  distend  the  elastic  arteries. 

It  was  form  I  that  t]  bransud&tion 

bom  the  interjoi  of  the  esptlkniea  into  the  midst  of  the  surround 
tissues  whs  confined,  in  the  absence  of  injury,  strictly  to  the  fluid 
I  of  the  blood;  in  other  winds,  thai   tb         pesetas  could  not 
oa  ■  Mr.  i  [ronlatmg  stream,  unless  the  mil  "f  the  containing 
blood  vessel  was  ruptured    Augustus  Waller  affirmed,  in  1846,  that 
he  had  seon  blood-corpuscles,  bote  red  and  white,  pass  bodily  through 
w;dl  of  the  i  in  which  they  were  contained; 

i,  as  no  open  id  be  Bee  i  none  could 

be  observed  afterwards-  igridly  was  the  part  healod.    But  the  a 

observal  I  ool  attrad  much  notice  'and  the  phenomenon  ■ 

d  by  Cohnbeira  in  18G7. 
Oohnheim'e  experiment  was  performed  in  the  following  manner: 
A  frog  jsenrarised;  ami  the  abdomen  having  been  opened*  a  port 
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of  small  intestine  is  drawn  nut,  and  its  transparent  mesentery  spread 
out  under  a  microscope.     After  a  vai  [able  time,  occupied  by  ililat 
following    contraction    "f    the    minute    vessels    and    accompanying 
quick.  l.jod-stream,  there  ensues  rdation  o!  the 

curroui,  and  l'l I ■••'   pnael  o  make  then  waj    orough  the 

e.ipillari  nail  vessels. 

ipedcsis,  or  emigration  of  the  white  BOd  |  occurs  to  a  small 

extent  in  health.     But  it  is  much  increased  in  inflammation, and 

I  so  as  to  form  a  largo  ooBeotiOD  of  leucocytes  '.i.f.  white  cor- 
puscles) outside  the  ntm  1 

The  emigration  of  red  corpuscles  is  only  seen  in  infianunation^and 
■  process;  it  occurs  irheo  tea 

the  emigrating  leucocvtai  d->  nut,  clone 
up  .  o  the  rod  i  w  pneoles 

escape  too. 

The  real  meaning  of  the  process  of  inflam- 
mation ia  a  subject  whi<  ling  much 

1  now,  but  it  may  l>o  intere  state 

briefly  the  viows  of  Motsohnihoff,  who  h 
recent  yeors  l>eon  a  praminent  investigator  of 
the  subject.  Eves  if  these,  views  do  not  n 
sent  the  whole  truth,  it  can  hardly  he  doubted 
tliat  the  phenomena  deaoribed  pla}'  a  very 
important  part  in  the  process.  Metsefanikoff 
bee  that,  the  vascular  phenomena  of  inflam- 
mation have  for  their  object  so  in  tho 
emigration  of  leucocytes,  which  bave  the  1 1 

devonring  tin  nco,  and    re- 

moving the  tissues  killed  by  the  lesion.  They 
are  therefore  called  phagocytes  (devouring  or 
scavenging  corpuscles).  It  may  bo  that  the 
influence,  ox  the  influence  of  tho 
Oni  they  produce,  is  too  powerful 
for  tho  hiiio-noytes;  then  they  are  destroyed, 
,m<l  the  dead  leucocytes  become  pus  les;  but  if  the  leuco- 

cytes are  suecossful  in  destroying  the  ody,  micro-organisms, 

and  disintegrated  tis-  pear,  wandering  back  bo  the 

biood-veaselfl    and  the  lost  tissue  is  replaced  by  a  regeneration  of 
the  surrounding  tissues.' 

The  circulation  through  the  capillaries  must,  of  necessity,  ho 
largely  influ  need  by  that  which  occurs  in  the  vossols  on  either  side 
i if   them   in   tho  arteries  or   tho   veins;    tip  rmediate  position 

causes  them  to  Eeel   at  once  any  alteration  in  tho  size,  rate,  or  pres- 

*  Tlii*.|ucstioo  iseloM'lv  Hiatal  to  that  of  immunit\ .  irMdl  ll  discnsssd  i'i  Dm 
•  r  .>■>  the  Blood  (Cliajiti-r  XXVI. 


FlO.  200.     A  laiye  capillary 
from  Ui«  trcm'*  un 
right   Km*   afl*r    Irrita- 
tion   had    been     r«-t     uji. 
•  liM»inK     emigration     of 
JrapucyU-ji.      a.    Cell*    In 
ttc  act  of  traver. 
raiiillary    wall; 
almaily  eacarml.     (Kltiy.) 
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sure  of  tho  arterial,  and  moro  especially  of  the  venous  blood -stream. 
The  apparent  contraction  of  the  capillaries,  on  the  application  of 
certain  irritating  substances,  ami  doling  fear,  and  their  dilatation  in 
blushing,  may  be  referred  primarily  to  the  action  of  the  Btnall  arteries. 

The  Venous  Flow. 

The  blood-current  in  the  intained  primarily  by  the  vis 

a  tergo,  that  is.  the  force  behind,  which  is  the  blood-pressure  trans- 
mit i  the  heart  and  arteries;  but  very  effectual  assistance  to 
tlie  flow  ia  afforded  by  tho  action  of  capable  of  pressing 
on  the  veins  with  salvos,  as  well  Ji  ie  suction  action  of  the 
heartj  and  the  aspiratary  action  of  the  thorax  (vis  a  fronle). 

The  effect  of  muscular  pressure  upon  the  ein  be  thus 

explained.     WhfiD  pressure  is  applied  to  any  part  of  and  the 

current  of  blood  in  it  is  ohsfa  toted  the  portion  behind  the  seat  of 
pressure  becomes  swollen  and  distended  as  far  bank  as  the  next  pair 
of  valves,  which  ate  HOC  closed  (fig.  230,  b,  p.  220).     Thus, 

whatever  force  is  exeroised  6j  the  pressure  of  the  muscles  on  the 

veius,  is  distributed   partly   in   pressing    tho  blood  onward*  in   the 

proper  course  of  the  oiroolati  m,  and  partly  in  pressing  it  backwards 
and  dosing  the  valves  l>ehiiid. 

The  oironlatioD  might  loee  ae  nam  b  ae  H  gains  bj  Booh  an  aotioo, 

if  it  wore  not  for  the  numerous oommnnioationB  which  the  veins  make 
with  one  another ;  through  these,  the  closing  up  of  tho  venouB 
channel  by  tho  backward  pressure  is  prevented  from  being  any  serious 
hindrance  to  the  circulation,  since  I  i,  tho  onward   course  of 

which  is  arrested  by  the  closed  valves,  c  I  ioe  pass  through  en 

anastomosing  channel,  and  proceed  on  its  way  by  another  vein. 
Thus,  the  oftoet  of  muscular  pressure  upon  reins  which  have  valves, 
is  turned  almost  entirely  to  the  advantage  of  the  I drculation. 

In  tho  web  of  tho  bat's  wing,  the  veins  are  furnished  with  vali 
and  possess  tho  remarkable  property  of  rhythmical  wntnutfen  end 
dilatation,  whereby  <>f  blood  within  then  is  distinctly 

aooeJecatod  (Wharton  Jones).    The  contraction  occurs,  on  an  average, 
about  ten  times  in  u  minute;  the  ezistenos  of  valves  preventi 
gitation,  so  tho  entire  effect  of    fchf    contractions   is  auxiliary  to  the 
onward  of  blood,     Analogous  phenomena  have  Ik 

in  othor  animals. 

A    venous  La    observed    under    the   conditions    previously 

described  (p.  2LM).  wh  m  the  arterioles  are  dilated  so  that  the  arte. 
pulse  passes  through  the  capillaries  to  the  veins. 

A  venous    poise   is  also    seen    in    the  superior  and    inferior    i 

cava  near  to  their  entrance  into  the  heart ;  Oris  oorraepondfl  to  varia- 

t  ions  of  the  pressure  in  tho  right  auricle.     When  the  ventricle  is  con- 
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tracting  thoro  is  a  slow  rise  due  to  the  fact  that  the  blood  cannot  get 
lni'i  the  ventricle,  and  so  distends  the  auricle;  a  second  short,  sh; 
elevation  of  pressure  is  produced  by  the  auricular  systole.  Altera- 
tions "f  venous  pressure  produced  in  the  great  veins  by  fchfl 
respiratory  movements,  the  pressure  sinking  dm  1 1  ration,  am  I 
rising  during  expiration. 

The  Vaso-Motor  Nervous  System. 

Tho  vaso-motor  nervous  system  consists  of  the  vaso-motor  centre 
situated  in  fchfl  l.'iilli,  of  certain  subsidiary  vase-motor  centres  in   I 
spinal  cord,  and  of  vaso-motor  nerves,  which  are  of  two  kinds — (a) 

-•e  the  stiin  !  i  which  causes  constriction  ol   fchfl   vessels; 

these  are  called  utso-con  mrves;  (b)  those  the  ation  of 

win  vessels;  these  are  called  vaxo-dilator 

HM  Ml 

The  following  names  are  associated  with  the  history  of  the  subject. 
The  muscular  structure  of  arteries  was   first  described   by  Bank 
1841 ;  in  18".'  Brown  Bequud  made  a  study  of  the  vaso-constrictor. 
or,  as  li  i  tin  in.  bonus  m  rvBE     The  vaso-motor  centre  was  dis- 

covered by  Schiff  (1855),  and  more  sOOUintely  localised   by  Ludwig 
(1871).     Tho  dilator  nerves  were  also  discoveretl   bf  ■  '(.  Brat 

.-   were   termed  paretic   nerves.     Other  names   which   must    I 

i tinned  in  connection  with  the  subject  are  those  of  Claude  Bernard, 
Ileidenhtin,  and,  in  more  recent  years,  Gaskell,  Langley,  and  Ramon 
y  Caj  il. 

•  nerves  supply  fchfl  muscular  tissuo  in  the  walls  of  the  blood- 
vessels  and  regulate  their  calibre,  but  exert  their  most  important 
ion  in  the  vessels  which  contain  relatively  the  greatest  amount  of 
muaeulai  tissue,  namely,  fchfl  sin. ill  arterial  or  arterioles. 

Under  circumstances,  the  arterioles  are  maintained  in 

a  state  of  moderate  or  tonic  contraction,  and   this  constitutes 
peripheral  resistance,  the  use  of  which  is  to  keep  up  the  arterial 
pressure,  wh  Ht  be  high  enough  to  force  the  blood  through  the 

capillaries  and  veins  in  a  continuous  stream  hack  to  fchfl  bfl 

Another  function  which  is  served   by  this  KBUaOttlat     issue  is  to 
regulate  tho  amount  of  blood  which  flows  through  the  capillaries  of 
any  organ  in  proportion  to  its  needs.     During  digestion,  For  insta; 
it  is  necessary  that  the  digestive  organs  should  be  supplied  with 
large  qv  of   blood:    for   this   purpose   the  arterioles  of   tin- 

splanchnic  area  are  relaxed,  and  there  is  a  vast  amount  of  blood  in  fchifl 
area,  and  therefore  a  corresp'  -mall  amount  in  other  areas,  such 

as  tho  skin;  this  ■ooountfl  for  the  sensation  of  chilliness  experienced 
after  a  full  meal.     Tho  skin  vessels  form  another  go«  ole;  one 

of  the  most  important  use-  ..f  the  skin  l  of  the  heat  of 
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ody  in  such  b  be  body  tenuperature  shall  remain 

i ml,;  when  excess  of  heal    is   produced   there  is  also  an  increase 
■    loss  of  he-it, ,  re  then  dilate 

sd  "ii  tfa  ■■■.  and  thus  an  im 

of  hr.it  from  tlit)  sun'.,  out.     On  the  other  hand, 

it  is  necessary  that  the  heat  produced  should 

ins  of  heat  ia  dimini  constriction  of  the  skis  vessels, 

.  cold  weather.    The  alteration  o 
lit,  about  by  the  action  of  the  vaso-motor  nervo 
Lho  muscular  tissue  of  th 

There  are  certain  o  <ly  in  which 

alterations  in  their  olooa*supply  does  not  exi 

th>'  brain.     It  a  in  the  vossols  of  theso  organs  that  tfcd 
influence  of  vaso-motoa    no   ■  |  elu.onary 

vessols  an  I  by   Bradford  and  Dean  to  be  supplied  by  m 

which  Leo  ntd  in  the  upper  thoa  on  stimulating 

rhf.su  th"  1 1--'!  of  pre  sail;  it  i 

doubtful  if  the  fibres   in  question  are  really  vasoconstrictors;    the 

small  rise  observed  may  bs  partly  ox  even  wholly  due  to  the  acoelera- 

Linn  of  Hi1'  he  a  i   which  la  anotli  *  result  of  stimulating  these  nerve- 
roots, 

IK  ■:  lias  in  the  grey  matter  of  the  floor  of  Llie 

fourth  rentricle-;  it-  is  a  Bew  millimetres  in  length,  reaching  Erom  the 

part  of  the  Boor  bo  within  about  4  mm.  of  thecalamue 
tonus.     Th"  position  of  this  centre  has  bet  i  I   by   the 

fallowing  means :  when  it  is  destroyed  the  tone  of  the  small  vowels 
II  no  longer  kept  up,  and  in  consequence  there  is  a  great  and  uni\ 
tall  in   irte  ial  blood-pressure;   when  it  is  stimulated   tin 
increase  in  the  constriction  of  the  arterioles  all  over  the  body, and 

hire  a  ii  d   blood-pre  Its  nppea     ud   lower 

in  the  following  way  :   i 
of  animali  en,  and  the  centra]  nervous  system  divided  in  a 

different  plaot  h ;   the  cerebrum  and  cerebellum  may  be  cut 

off  without  affecting  blood-pressure,   the  vaso-m-  ntre  must 

below  these j   if  the  section   is  made  just  above 
medulla,  the  ill  temains  high,  and  it  is  not  till  the 

uppei   limit  of  th  s  is  passed  thai  the  blood-pressurs  rails, 

Similarly,  in  anothei  series  of  animal*,  If  the  oervioil  cord  is 
through,  and  the  animaj  kept  alive  by  artificial  respiration,  there  is 
an  enormous  fall  of  pressure  due  b  'luence  of  the  centre  being 

red  from  the  vessels;  in  other  experiments  tlio  section  is  made 

.  and  the  same  result  noted,  until  at  last  the  lower 

limit  of  the  centre  i    paaa  d,  and  the  fall  of  pressure  is  less  and  loss 

marked  I  negoes  thero,  until  in  Hie  animal  in  svhicl 

socti":  i  the  upper  boundary   of  the  centre  the  bloodr 
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pressure  is   Hoi    iflected  at  all,  and   the  centre  can   be   influem 
reflexly   by  the  stimulation   of    afferent  nerves,  tho  pressor  ami 
« 1 » * i  •  •  uvea,  which  we  shall  be  considering  immediate]/. 

After  the  destruction  of  tho  vaso-iuotur  <  lb,  there 

I  Call  of  pressure.     If  the  animal  is  kept  alive,  tho  vessels  after  a 

time  recover  their  tone,  and  the  arterial  pressure  rises;  it  rises  still 

malating  the  central  end  of  a  sensory  nerve;  this  is  <h< 

to  tho  qxistenco  of  subsidiary  vaso-motor  contrcs  in  the  spinal  cord; 

on  the  subsr  struction  of  the  spina]  mrd  the  vossels  again 

it  tone  and  tho  blood-pzeeamra  sinks. 

The  vaso-motor  path  is  down  the  lateral  column  of  the  spinal 
cord,  and  the  fibres  terminate  by  arborising  around  the  cells  in  the 
•y  matter  of  the  subsidiary   vase-motor  centres,  tho  anatomical 
which  ii  uncertain,' though  it  is  probably  in  the  cells  of 
tho  intormedio-latoral  tract.     From  theso  cells  frosh   axis-eylin 
proooooi  ate,  which   pass  out  as  tho  small  mcdullated  nei  •■ 

fibres  in  the  anterior  roots  of  the  spinal  nerves. 

The  mso-constrictor  nerves  for  the  whole  body  leave  tho  spinal 

i    by  the  anterior   roots   of   the   spinal   nervos  from    the   Bfleand 
thoriicic  to  the  second  lumbar,  both  inclusive.     Thoy  leave  the  ra 
by  tho  white  rami  communicantes,  and  pass  into  the  ganglia  of  tin- 
sympathetic  chain,  which  lies  on  each  side  along  the  front  of  the 
vertebral  column,    Tho  ganglia  on  this  chain  (the  lab  i  of 

kell)  may  also  lie  called  the  chain  of  vaso-motor  ganglia.,  becai 
hero  are  situated  cell  stations  on  tho  course  of  the  vdaO-OOD 

ves  for  the  head,  trunk  ami  limbs.  Thai  i-  to  say,  Che  email 
meduttated  nerve  fibres  terminate  by  arborising  Eoound  the  onllfl  of 
these  ganglia,  and  a  fresh  relay  of  axis-cylinder  processes  bom  ihese 
i ■•■ii-  c  u  i;  "ii  the  imnule 

Thi  figure  (fig.  297)  represents  diagrammaticallv  bou 

re.     The  sheaths  bras  nro  not  represented. 

She  eell  station  of  any  particular  fibre  is  not  necessarily  situated 
in  the  first  ganglion  to  which  it  passes;  the  fibres  of  the  white  ramus 

:municansof  thi  do  not,  for  instance,  all  have  I  heir 

stations  in  the  corresponding  thoracic  ganglion,  but  may  pass 
upwards  or  downwards  in  the  chain  to  a  more  or  less  distant  ganglion 
before  they  terminate  by  arborising  around  a  cell  or  cells. 

Tho  vasjo-constriotor  aervee,  however,  luvuall  cell  stations  some- 
where in  the  sympathetic  system,  and  the  bcjw  exi8*cylindere  thai 

arise  from  i  i  of  the  ganglia  differ  I'vun  those  which  terminate 

there  in  the  eireumstance  that  they  do  not  PO0B060  a  medullai  y  el 
but  they  are  pale,  grey,  i  it  nun-medullated  fibres.     Those  which  are 
ly  of  the  vessels  of  the  head  and  neck  pass  into 
ganglion  stellatum  or  fust  tfaoracii     i  ooe  through  the 

immliis  of  \  the  inferior  cervical    ganglion,  ami   thence 
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along  the  ii.jtic  trunk  to  tb  [nation.     Their  cell  s\ 

• '  superior  "•'■!  ii'lion. 

Those  to  the  body  wall  and  limbs  pass  back  from  ths    1 1  ipati 
ganglia  to  the  spina]  nerves  by  the  groy  rami  oonmiunioanti 

ibuted  with  bhfl  other  spinal  The  cell  stations  to 

pper  limb  fibres  are  in  the  gen  beUntam,  sad  for  the  lower 

limb  Bores  in  the  lower  himb  ganglia, 

Those  for  the  interior  of  the  body  pass  Into  the  .-lexuses 


.   — Tiauvtn*  MCM  :iml  curil,  nhorlng  Um  ganglia.     A.  anterior  aimua,! 

;  B,  »uw)ii  poatoitor  tout;  C>  anterior (motor) root;  D, 

posterior  (awwor? '  I      pln^BBuUonea  posterior  root ;?,  «yinp«UMtle  ijnglion;  O,  numia 

n>ninanbum      I  ,  lual  nerra;  I,  an;  >f  spinal  nei 

tenia  tr»m  interior  root  Hbrrs  rraohinu  to  anterior  v  t  i  .Mat«ral«  paaM 

Clarka's  coin  .lumn  s-imIIjik  an  i  (if)  jipkjou  t»j  tin?  iiirwt  n'tv- 

>r  tract;  r,  Btip- Mrtli' nnt<-tii>»  r.nt ;  f ,  arit-i 
Intotwu  branches  ml;  0,  llbro  of  tbc  uterio 

V'rmlr.atliiif  by  an  arborisation  In  thr>  ay-mpalliallc  fcanjjllon;  A,  aympathotlc  ftbre  paulriK  to  p«f1- 
ry.    (lUiii'jn  y  Cajal.) 

■  ixTves  in  ths  thorax  and  abdomen,  Mid  US  distributed 

to  bus  vessels  of  t  ho  thoracic  .md  abdominal  rtam  n     This  set  includes 

ths  most  LSO-motOT  nerves  of  the  body,  the  splanchnics. 

are  sitnatot'l  in  the  various  ganglia  of  the  abdoini  Bfi  1 

plexuses. 

•  vaso-dUator  nerves  in  part  accompany  those  just  described, 
but  they  are  not  limited  to  the  outflow  from  the  second  thoracic  to 
the  second  lumbar.      Thus,  the  norvi   erigentes  originate  as   white 
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Mini    commi  B    from    tin-    BBOOnd    ,md    lliinl    .s:i«-i al  mavos,  ;in>l 

LbeehonUk  tympani,  another  good  example  of  a  var 
is  a  branch  of  the  seventh  <  r.inial   nerve.     Bayliss  has  also  shown 
that  the  posterior  root  fibres  may  act  aa  vaso-diktors  (see  p.  303). 

All  vaso-inotor  nerves.  ir  or  dilator, 

differ  very  markedly  from  (she  spinal  norvo-fibros  which  are  distri- 
hutod  b  i  lea  in  being  gangticnsted;  t.li.-i t  is,  in 

coll  stations  or  positions  of  relei    m   tfiefa   900X86  from  I  ■In*  central 
am  to  the  muscular  Korea  they  8U]  i 
The   existence   of    coll    stations    between    the   central    ncr 
system  and  the  muscular  fibres  is  not  confined  to  the  nerves  oi 

•  4-veHsel.-*.  but  is  found  also  in  the  nerves  which   supply  I 
heart  and  oi  am 

Moreover,  i  s  which  supply  the  voluntary  muscles  aro 

)tor  in  function  ,  inhibitory  fibres  to  the  voluntary  muscles  of 
rtebrates  do  not  exi.-t.  Hut  in  the  case  of  the  Involuntary  muscles 
there  are  usually  the  two  sets  of  nerve-fibres  with  opposite 
functions. 

In  the  case  of  I  he  heart,  we  have  an  accelerator  set  which  course 
through  the  sympathetic,  and  an  inhibitory  set  which  course  through 
vagus. 

In  Teasel*,  wi-  have  mi  accoli  a,  which  we 

•  hitherto  called  eaeo-eonetriotorBj  and  an  inhibitory  set  we  have 
been  calling  vaao-dilat 

in  the  case  of  the  other  con:  ra,  wo  have  also  viscero- 

■ -rater  and   viscero-inhibitory.  which   respectively  hasten  and 
less*  ic  movements. 

Adopting  Haskell's    oomeu  wo  may   further  term   the 

rotor  groups  of  nerves  hohUtoUc,  as  they  increase  the  activity 
i|»]>lv,  bringing  about  an  increase  of  wear  and 
and   an   increase   in    the  discharge  of  waste  material.     Xhe 
itory  nerves,  on  the  other  hand,  are  anabolic,  as  they  produco  a 
condition  of  rest  in  the  tissues  they  supply,  and  so  give  an  oppor- 
tunity for  repair  or  constructive  metabolism. 

!  i;     I:  the  vasu-mnttir  nerval  mid  the  visoero-motor 

i  within  recent  years  very  thoroughly  worked  out 
by  Langloy.  Tho  nerves  of  the  various  viscera  we  shall  take  with 
the  hiamduaJ  organs.  In  all  these  cases,  there  is  a  cell  station 
somewhere  in  the  sympathetic  system,  and  only  one  for  each  nerve- 
fibre.  The preganglionic  fibres  {i.e.,  the  fibres  from  the  spinal  oord  to 
tho  BJ  tic  cell  station)  aro  usually  meduDated  j  the  potty 

lionic  fibres   (i.e.,   those  that  leave  the  ganglion)  are   usually  non- 
llated.     But  this  histological  distinction,  so  much  emphasised 
by   Qaakell,  ia  not  withouf  exceptions,  and  the  localisation  of  coll 
ns  is  made  with  far  greater  certainty  by  Langloy's  nicotine 
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method.    Niootine  in  mulII  •  1  ■         i      j  ■  :s  oerve-oells,*   in,: 

Sims;  ii  i In:  ding  i-  injected  into  an  animal,  stimulation  of 
tho  anterior  nerve-roots  produces  no  inovemm  ■  uluntiry 

muscles,  because  the  paralysed  coll  stations  on  the  course  of  tin 
norve-tibres  act  as  blocs  to  the  propagation  of  thr  impulses.  If  the 
nicutino  is  applied  loo  j  it  nvor  one  or  more  ganglia, 

there  will  Iw  a  '  ily  which  have  their 

u  those  partioular  ganglia  Tims,  in  (he  lateral  chain  >>i 
ganglia  we  Bnd  the  Belli  on  ii  pilo-motor  nerves  (£*, 

•  hairs),  of  the  vsso  <  •n.strictors  of  tho  head, 
I,  ami  body  walls,  and  po<  splenic  nerves.   In  tin 

lateral  ganglia  (ix„ cceliac,  tc.)aref"in  {Bt  others, 

the  cells  on  the  course  of  the  Bpl  of  tho  norvos  to 

sweat  rial  the  oaxdiae   accelerators,  and   of  tin-  inhibitory 

fibres  of  the  alimentary  canal;   \vhil<-  in  the  terminal  -.uidia  ,m-. 
placed,  aii'  nera,  the  cells  on  the  course  of  the  eardlse  inhibi- 

res,  of  i!  lihres  to  the  lower  part  of  the  intestine 

and   l>lacldor,  ami  mhihiti-iy  fibres   to    the  external  gi 

organs. 

We  may  now  ask  wind  is  tin  n1>j<  ct  kind  is  served  by  the  existence  of  gWgWft 
on  tin-  •  ■  ii  ie  of  Hum-  ihtii  •..  It.  :i|ij«rars  to  be  a  means  uf  distributing  nervi- 
Hl >r-  |  to  *  vast  nn  n  ol  muscular  USSUS  hy  mean-,  of  I  comparatively  small  QUBnbef 
of  nerve- fibres  thut  leave  the  I  entail  nervo  a  .  for  each  fibre  thai  leaves  the 

central  nervous  ssstcui  arlmrises  around  ■  number  uf  fell-,,  and  thus  the  impulse  it 

carries  Is  transferred  to  a  large  tuuiibcf  of  new  sj  h>cj  Under  procc 

In  some  cases,  it  la  tru'-.  .t  tf/uA    i:.  n i hfibre  will  divide  ml  i  multitudlnotts 

branch  plisii  i  in   -..iinr  nbjed  (as  In  the  supply  of  the  i  rmn  of 

UaJapterorns. the  fibrea  t<-  the  million*  of  it-  Lng  noma 

single  avis  cylinder),  hut  the  isnal  way  appears  to  l>e  s  combinatioa  of  tin  .  ■ 

with  tint  ill'  ,uli-i(ii:irv  crll  -.Utious. 

At  oip  biros  1 1  inghoa  mu  supposed  to  be  the  normal  centre  for  reflex  m  i 

The  submaxillary  gani  the  battle-field  in  which  tins  tnicatluu  was  fought 

..ut  in  <  i mil  ii.  i  ii.      in  Um    i  i' 

the  only  instances  where  such  a  thing  seemed  possible  wei    !   •  following  i — When 
all  the  nervous  >   ■■  sric  ganglion  arc  divided  except 

nerves,  sthnnlaboo  of  the  central  end  or  one  hypogastric  causes 
contraction  of  the  bladder,  the  afferent  path  bo  which  is  the  other  hypogastric 
nerve.      In  addition,  thrj  observed  an  apparent    reflex  cxritatii  n  of  DM  nerve  IUp 

plying  the  erectoi  muscles  ol  the  hairs  (plkHnotnr  nerves)  through  other 

tin-lie  nnglia.    Id  oettlx  r  case  is  the  action  truU  rede*,  but  G  caused  hy  the 

of  the  central  ends  of  motor- hhr«s  which  issue  from  the  spinal  i  ord, 
and  which  after  passing  through  the  ganglion  .send  branches  down  each  hvpingastric 
nerve.     Tbj  nth)  In  met  ainilnr  to  Kiihnc's  gracilis  experiment  (p.  173). 

It  certainly  is  the  (MM  thai  under  normal  ctfCUmst  UM>  9,  DM  I  entres  for 

centra]  nerVOUS  system.  But  there  do  tppeai  to  be  some  condi- 
tions in  whiefe    t   i*  possible  for  ganglia  to  assume  this  function.     The  recovery 

*  It  is  still  a  Utter  of  um-ertainty  whether  this  drug  acts  upon  the  DCrVi 
themselves,  m    the  terminal   axbaruationt   (synapses)  of  the  nerve-fibres  that 

surround  them.     Before  the  paralytic  effect  of  nicotine  cnnies  on,  it  excites  the 
n  tin;  case  of  the  blood-vessels  causes  a  general  constriction 
of  the  arterioles  and  a  rise  ol  arterial  pressure. 
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of  Tuo-motor  fame,  and  ol  bone  la  certain  viscera  after  destruction  of  extensive 

tracts  of  the  nil  of  the  persistence  •  ;'i'    irUon  En  "• 

after  cutting  Qtroaaii  lerves,  ik  eases  is  point     (See  farther,  under 

Intestinal  ml  Rclicv 

The  cnservaUooi  '>t  W.  If.  BavUsi  o  >-duat0i  i  i  dogiareol 

coaslderahle  Interest  Ha  could  find  no  vaso-dUator  fibres  to  the  hind  limb  la  the 
ib.iomin.-il  ■ympathetk  chain]  haJ  the  only  fibrai  exdtatkni  of  which  produced 
rascular  dilatation  then  ned  in  the  pesteri  fibres 

In  the  posterior  roots  of  the  I  Ith  and  i  Ith  thoracic  nerves,  which actas  vnso-diljitors 
of  the  u  Nbtonl  Ail  rtation  the  resuh  ol 

cat,  nr  thermal  stimuial  ion  of  It  ■  1  ol  experimenta  are  addoced  which  show 

flint  in  nornutl  reflex  ■•  i  occur  when  theaepressor  nerve  b  stluiulated,  the 

■  lis.--,  travel  by  the  some  route.    This  raises  the  qucstioa  »he  I 

-on!  dn  trtw   efferent  Abres.    The  Is  on  thmt 

they  do  n"t     Bavins  b  thcrefbri   driveo  to  tin-  condushni  thai  the  oune 
terrains  Lhe  peripfa  Its  » •  j »  sensory  laipreasfanS)  ami  t«> 

convey  Inhibitor)  to  the  muscular  structures  in  which  ibey  end      In  other 

wordSi  ws  have  bare  another  example  which  may  be  ndded  to  t 

d  ixith  direct!  ins      i  be 
term  ■•■■■  ed  by  Bayliss  to  expn  '  that  hnpubes  may  travel  in 

the  reverse  direction  to  thai  la  which  they  tisaauj  | 


The  Vase-motor  centre  can  be  excited  directly,  U  by  induc- 
tion   rii.  t  1 1» ■    ivmiIi    i'-    an    increase  of    arterial    I  ili.ud -pressure 
■il.'  In  an    im  I  lie  emit  i  art  inn  of   the  ]  K-ti  j  tiujal  arterioles. 

It.  c.in  al.-o  Im;  excited  bj  the  actios  of  poisons  to  the  hi  nod  which 

(■irrul.itc-  through  il      thus,  .shopli  uitliiis  or  digitalis  causes  B  marked 
rise  rial  pressure  due  to  the  tion  of  the  p 

pherai  vessel  tees  from  the  centre. 

It  i-j  also  excited  by  venom  blood,  ai  In  asphyxia;  the  rise  of 

;  1 1- pressure  which  ocean  during  the  first  part  of  asphyxia  is  due 

vessels;  the  fall  during  the  last 
Lsphyxia  is  largely  due  to  heart  failure.    Wo  shall  study  asph 
more  at  length  in  oonneotion  with  respiration.     During  the  period  of 
decreased  pressure,  waves  are  often  i   on  the   bio  sure 

which   aise  from  a  slow  rhythmic  action  of  tho  vasomotor 
centra.     The  centre  slteriinti  id  weaker  con- 

Dtor  impulses.    Thej  are  Known  as  tho  TV  i     and 

much  alowoT  in  their  rhythm  than  the  waves  on  the  tracing 
nrhic  piration,    Thej  are  nol        i    i    k>  asphyxia   but 

itly    seen    in  msl    aiiinul-.      PSg,   298 

:■  presents  tracings  obtained    mm  the   nilluence  of 

rphine  ai  irtifietal  respira- 

tion was  being  earri  hows  the  three  sets  of  waves,  li 

oscillations  duo  to   the  heart-heats,  next  in  sue  those  duo  to  the 

omenta,  which  in  their  turn  are  superposed  on  I 
prolonged   Traube-Heru  lhe  lower   facing  was    taken 

fmmnrli  itieial  respiration,  and  shows 

only  he  Traube-Hering  waves. 

The  Vaso-motor  centre  may  be  excited  reflexly. — The  afferent 
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impulses  to  the  vasomotor  centre  may  be  divided  into  pressor  and 
depressor. 

Most  sensory  nerves  a.vu  pressor  neon  I  sciatic  or  the  vagus 

nerves  may  be  taken  as  instances ;  when  they  are  divided  ud  t  heir 
central  ends  stimulated,  the  result  is  a  rise  of  blood -pressure  duo  to 
the  stimulation  of  the  vaso-motor  centre,  and  a  consequent  .constric- 
tion of  the  arterioles  all   over  the   body,   but  especially  in    the 

nchnic  area.     Fig.  299  shows  the  result  of  such  an  experiment 

ii  necessary  u  mug  such  an  experiment  to  administer  curare 

as  well  as  an  anaesthetic  to  the  animal,  in  order  to  obviate  rofiex 

muscular  struggles,  which  would  themselves  produce  a  rise  in  arterial 

pressure. 

Many  sensory  nerves  also  contain  depressor  fibres  which  produce 
the  ■  I  ho  most  marked  bundle  of  these  is  known  as 

tht  depressor  nerve.  In  most  animals  this  is  bound  up  in  the  hunk 
oi  the  vagus;  but  in  sumo,  like  the  rabbit,  cat.  end  horso.  the  norvo 
runs  up  as  a  separate  br.it i. '.1 1  imm  the  heart  (or,  according  to  some 
recent  observations,  from  the  cemmenoement  of  the  aorta),  and  joins 
the  vagus  or  its  superior  laryngeal  branch,  and  ultimately  reaches  the 
vaso-motor  centre.  When  this  nerve  is  stimulated  (tho  vagi  having 
been  previously  divided  to  prevent  reflex  inhibition  of  the  heart),  a 
marked  fall  of  arterial  blood -pressure  is  produced  (see  Bg,  BOO). 
Stimulation  of  this  nerve  affocts  the  vaso-motor  centre  in  such  a  way 
that  tho  normal  constrictor  impulses  that  pass  down  the  vaso-con- 

l  i  r  nerves  are  inhibited.  The  fall  of  pleasure  Ifl  vi-rv  slight  after 
section  of  the  splanchnic  nerves,  showing  that  the  splanchnic  urea  is 
the  part  of  the  bod  affeoted.     The  normal  function  of  this 

nerve  is  t<>  adapt  the  peripheral  resistance  to  the  heart's  action :  if 
the  constriction  of  the  arterioles  is  too  high  for  the  heart  to  overcome, 
an  impulse  by  this  nerve  to  the  vaso-motor  centre  produces  reflexly 
a  lessening  of  the  peripheral  resistance. 

N.B.— The  term  fcprtMOt  should  be  carefully  distinguished  from  inhibitory; 

htiiiiululjon  of  the  peripheral  cud  of  tin-  nni  produces  a  fall  of  Mm  id  ptcSSVC  due 

b0  inhibition  (sinning  or  stoppage)  of  the  heart  (see  fips,  277  iind  278) ;  stimulation 

ntnil  end  of  the  depressor  nene  produce!  o  lowering  of  biood-prcssurc  for 

r»  different  reason,  ruimely.  a  reflex  relaxation  of  the  splaurhitir  arterioles. 

Experiments  on  Vaso-motor  nerves. — Tho  experiments  on  the 
vaso-motor  nerves  are  similar  to  those  performed  on  other  nerves 
when  one  wishes  to  ascertain  their  functions.  They  consist  of 
•eetiofi  end  excitation 

Section  of  a  vaso-constrictor  none,  such  as  the  splanohnio,  causes 
a  Ices  of  normal  arterial  tone,  and  consequently  th<:  pari  supplied  by 
tho  nerve  becomes  flushed  with  Mood.  Stimulation  of  tho  peripheral 
e.tu I  ctnaes  the  vessels  to  i   and   the  pert  to  I •ecome  compara- 

tively pale  and  bloodless.     This  can  be  very  readily  demonstrated  on 

U 
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the  ear  of  the  rabbit.  This  is  a  classical  experiment  associated  with 
the  name  of  Claudo  Bernard.  Division  of  tho  cervical  sympathetic, 
produces  an  increased  redness  of  tho  side  of  bb  head,  ind  looking  at 
the  oar,  tho  transparency  of  which  enables  ono  to  follow  tho  phenomena 
easily,  tin1  uentral  artery  with  its  branches  is  seen  to  become  larger, 
and  many  small  branches  not.  previously  visible  come  into  view.  Tho 
ear  feels  hotter,  though  tins  effect  soon  passes  off  as  the  exposure  of  a 
large  quantity  of  blood  to  the  air  causes  a  rapid  loss  of  heat.  On 
stimulating  the  peripheral  end  of  tho  cut  norve,  tho  oar  resumes 
normal  condition,  and  then  becomes  poler  than  usual  owing  to  exces- 
sive constriction  of  the  vessels. 

The  first  part  of  the  experiment;  tho  dilatation  following  section, 
can  be  demonstrated  in  a  very  simple  way,  by  pressing  the  thuinl- 


Kni.  Trw  .1  b  »howi  -  r>n  Muni -praam  rr  ot  Uimilatinf  ttm  MilfaJ  and  of  tin*  IMpraaaor 

nerve  in  the  r»t>mt,     Jo  be  r«wl  t:»t»  r>.-.  I ,  Indicates  ta*  rat  nlloK- 

nurlac*  vat  travelling.  '  t>ood  to  MooiKmt;  C,  the  mmmuxamrtti  of  faradlaaWxm 

i.r  thn  mrr\  nt  at  whirh  nntatlon  wa*  illacuutii     ad.    Thai  .......    Ii     i.'velnp. 

lug,  unci  luU  afUr  Um  I  lit  lar>:rr  nadnlattOM  am  th«  rev 

curvw ;  tlio  jiulwi  imcIIUuum  »r»  Tory  araoM.    (Fbat- 

nail  forcibly  on  the  nervo  where  it  lies  by  the  side  of  the  central 
artery  of  the  oar. 

Section  of  a  vaso-dilator  nerve,  such  as  the  chorda  tympani,  pro- 
duces no  effect  on  the  vessels,  but  stimulation  of  its  peripheral  end 
causes  great  enlargement  of  all  the  arterioles,  so  that  the  submaxillary 
gland  and  the  neighbouring  parts  supplied  by  the  nervo  become  red 
and  gorged  with  blood,  and  ilm  pulso  is  propa^'i'd  through  to  the 
veins;  tho  circulation  through  the  capillaries  ii  BO  rapid  that  the  blood 
loses  very  little  of  its  oxygen,  and  is  therefore  arterial  in  colour  in 
the  veins.  Another  effect,  free  secretion  of  saliva,  we  shall  study  in 
connection  with  that  subject. 

Other  examples  of  vaso-dilator  nerves  are  the  nerv:  bee  to 

the  erectile  tissue  of  the  penis,  etc..  and  of  the  Ungui  I  to  tho 

vessels  of  the  tongua 


en  . 
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It  i  that  ull  tho  vessels  of  the  body  ie< 

both  ni  and  dilatoi  oervea    But  the  prooonee  of  roe  k 

is  dilli*  nit  to  determine  unloss  they  are  present  in  excess;  if  ll 
are  not,  stimulation  affects  the  oanstriotors  most.      The  effect  of 
section  is  also  inconclusive;  for  if  a  mixed  nerve  is  cut,  the  only  afifeot 

I  is  a  dilatation  duo  to  remoral)' I  the  tin  constrictor  inflnesoe. 

To  solvo  this  diflicult  problem,  three  methods  are  in  use: — 

1.  The  method  of  degeneration. — If  tho  sciatic  novo  is  cut,  the 
vessels  of  the  limb  dilate.  This  passes  off  in  a  day  or  two.  If  tho 
peripheral  ond  of  the  nerve  is  then  Stimulated,  tho  vessels  are  dilated, 
aa  the  constrictor  fibrea  degenerate  earliest,  and  so  one  gets  a  result 
due  to  the  stimulation  of  tho  still  intact  dilator  til 

2.  The  metfwd  of  slowly  interrupted  shocks. — If  a  mixed  nerve  is 
stimulated  with  the  usual  rapidly  interrupted  faradic  current,  the 
effect  is  constriction;  but  if  tho  induction  shocks  are  sent  in  at  I 
intervals   (<-,  of   a    second),   vaso-dilato?    effects    are 
uhtiiiiied.     This  can   lie  readily  demonstrated  00   the   kidney  vos 

by  stimulation  of  the  anterior  root  of  tho  eleventh  ih« >i .icic  nerve  in 
the  two  ways  just  indicated. 

By  8tu<  1  '  rate  of  flow  of  the  blood  through  tho  submaxillary 

gland,  in  which  the  vaso-coustrictor  md  dilator  id.res  run  separate 
courses,  it  has  beon  shown  that  if  both  sets  of  fibres  are  Bimulku 
ousl  1,  constriction  is  produced  during  tho  stimidati on,  while 

iiiai  led  dilatation  follows  after  the  stimulation  has  ceased.    Excitation 

!' .'•  Qonstriotors  alone  is  not  followed  by  dilatation.  These  results 
explain  the  mode  of  eti"ii  o|  sluwly  interrupted  shocks,  for  with  each 
there  will  only  bo  a  ftttj  slight  constrictiou,  while  the  dilator  effocts 
which  run  a  much  slower  course  will  bo  summed  up  to  produce  a 
marked  effect. 

3.  Thr.  tr/luenee  of  tet/\j»:r>tturc. — Exposure  toil  posture 
n-eases  the  constrictors  more  than  the  dilators.  If  the  leg  is 
■  <*1  in  ice-sold  water,  stimulation  of  the  sciatic,  even  if  it  has  oolj 

been  recently  divided,  produces  a  flashing  of  the  skin  with  blood. 


Plethysmography. 

The  action  of  vaso-motor  nerves  can  be  Studied     D  way 

he  use  of  nuiotn  forms  of  i  b  is  the  only 

method   v.r  have  considered  so  far.     Tim  second   method,  which  is 

often  used  together  with  the  manometer,  oonsiste  En  the  dbg  of  en 

instru  is  in  the  volume  of  say  limb,  or 

organ  of  an  animal.     Such  an  instrument  is  called  a  plethysmograph. 

if  fehesa  instruments  applied  bo  the  human  arm  is  shown  in  the 

tnpanying  figure  (fig  301). 

Every  time  the  arm  expands  with  ever}  heart's  systole,  o  I 
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of  the.  lluitl  in  Lite  plethysmograph  is  Bxp  Ued  md  raises  Llie  lever. 
Variations  in  volume  duo  to  reap,  ire  also  seen  in  the  tint 

ivsmograph  connected  to  a  sensitive  recorder  gives  equally 
good  results. 

I'li'j  same  instrument  in  a  modified  form  applied  to  such  organs 
as  the  spleen  and  kidney  is  generally  called  an  oncometer,  and  the 
recording  part  "f  the  apparatus,  the  oncograph.  These  instruments 
we  owo  to    '  i d   the  next  two  figures  reproeont  respectively 

sections  of  the  kidney  on  and  am 

An  oncometer  consists  of  a  metal  cai&ule,  of  shape  suitable  to 
enclose  the  organ:  its  two  halves  are  jointed  together,  and  lit 
accurately  except  at  ono  opening  which  is  loft  for  the  vessels  of  the 
organ.     A  delicate  membrane  rim  of  each  half,  the 


•  land  m  »  pun  t : :  i  - .  >. 
aj7|*nUun.    Thl  laid  III  icklM  wllfa  'In',   i     I  kbore  that  In 

A.      'J  !  nil.         V>  li.  D 

UiVTOiamol  .i!uiili>u«-  ■•■it r,  D,  kUo  la  rtU»>  i 

wlicnidct'in*  to  A.     Itv.il.  ovMrnt  thkt 

.     ■    .     ■  iu  UirMtB. 

apace  between  which  and  the  metal  is  filled  with  warm  oil.  The 
tube  boa  the  oncometer  is  connected  to  th^  oil-containing  oavity  of 
tho  oncograph  by  a  tube  also  containing  oil.  An  increase  in  the 
volume  of  tho  organ  squeezes  the  oil  out  of  tli  motor   into  tin? 

onoograph,  and  so  oee  a  rise  of  the  oncograph  piston  and  lever; 

a  contraction  of  the  01    i  i  produces  a  fall  of  the  lover. 

Very  good  results  are  obtained  by  using  saline  solution  instead  of 
oil;  and  Schafer  has  shown  in  connection  with  tho  spleen  that  a 
spleen  box  of  ample  shape  covered  with  a  glass  plate,  made  air-tight 
with  vaseline,  and  communicating  by  a  tube  with  a  Marey's  tundxjur, 
gives  a  far  more  delicate  record  of  the  splenic  alterations  of  TollUM 
than  the  oil  oncometer. 

If  now  we  are  investigating  tho  lotion  of   thfl  anterior  root  of 
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eleventh  thoracic  norve  on  the  vessels  of  :  Is  t-iken 

simultaneously  of  the|artorinl  blood-prQB8ttre  In  POtld.ead  of 


1  '  .1  t-n,  -xln- 

reii»l  vtaaela  ml  duct,  tag  llw  kidney  are  two  rbamber*.  fonnM  by 

mtMbniKM,  l.lu>  (tlgta  of  which  nm  irrtnly  lltwl  by  foplUK  clamjvwi  between  •  MeUl  rn|>a«l», 

«*don»(not  rrl>rr»«nt«  '  M-remiala, 

mivi  balow.    Tb*  i  clumber  bnlo*    ■  Altai  wlUi  a  varyn. 

a  ckmed  will 
bat  L— ci.  on  cap»u)e,  l»e  lunmbraovus  chambar  ■ 

warm  in!  Hi  .1  Ibnu  rkaerf  by  a  tA]i  (nut  n  ;irr-.« 

■  t'.v  with  ■   l  ..|i»r»lii«,  i'i  :  uf  lb*  Icldimy 

mmuiiicated  by  th*  nil  in  tlm  1 1  .-irobnr  d  of  Un  Oncograph,  flg.  80S. 


F*u.  *».-  1  "  . 

icomPter— o,  'iprlicht,  rtupporting  recording  laver  /.  which  u  raUml  .,t  i,.« 
|W«xf>  f..  which  »'. rk-  Uinji  ;rli/,  ami  whtob  l»  «tUr.h»l  to  to«  .  chamber  J, 

with  whirh  the  tube  from  the  uDOOineter  cominanlcatm.    Tin-  oil  U  jirevratnl  from  bring  «owi*l 
oat  »«  tln>  platan  daaeendi  hy  a  membrai'  ■    i»m|wl  ben  >i  .urfaeauf 

'■.•  1I1*  »r.rw«  i  working  npwardi  ;  tb»  lab*  A  i«  fur  tilling  the  iaatrummt. 

tho  volume  kidney  by  the  oneomefcer.    On  stimulating  the 

nerve  rapidly,  there  is  a  slight  burial  pressure,  but  a  lai^o 
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fall  of  the  oncograph  lever,  showing  that  the  kidney  lias  diminished 
in  volume.'.     It  ft  be  an  ao&ve  contraction  of 

tho  arterioles  of  the  kidney,  musing  it  to  diminish  in  size,  for  the 
■^l-pressure  tracing  (which  is  taken  as  a  control  to  lie  sure  the 
changes  are  not  otherwise  pi  hows  that  there  is  no  failure  of 

the  heart's  activity  to  account  for 

We  shall  return  to  the  subject  of  the  oncometer  in  connection 
.villi  the  spleen  and  the  kidney.  We  may,  however,  say  in  passing 
what  a  viry  important  experimenta]   method  pletu  why  is 

beooming  Qinoe  the  Lntrodoetion  of  ah  oncometers,  the  method  is 
remarkably  easy  to  apply,  and  it  Ea  now  part  of  the  routine  practice 
of  physiologists,  when  they  arc  investigating  the  action  of  a  drug, 
or  of  a  nerve,  on  any  organ,  to  record  its  volume  changes  by  the 
I'l'-thysmographic  method  Thus,  the  salivary  glands,  lobes  i  |  .\v 
firer  or  lung,  the  limbs,  the  kidney,  spleen,  a  coil  of  in 
can  all  be  easily  enclosed  in  an  appropriately  shaped  gutta-pen 
\hix,  covered  with  a  glass  plate  made  hi  with  vaseline.      There 

are  always  two  openings  to  such  a  box,  one  to  allow  tho  vessels  and 
nerves  to  enter  (leakage  of  air  around  these  is  prevented  by  parking 
with  cotton-wool  soaked  in  vaseline);  the  other  illed  up 

with  a  pioco  of  glass  tubing  which  is  connected  by  an  indiarubl  t 
tube  to  the  recording  apparatus.    Tho  most  delicate  of  cans 

recorders  is  the  bellows-recorder  of  Brodie  (see  p.  152)  and  the 
piston  recorder  of  Hiirthle;  a  Marey'a  tambour  is  not  BO  sensitive, 

I,  moreover,  it  is  a  recorder  of  pressure  rather  than  of  volume  only. 

Of  all  the  oncometers,  I  am  inclined  to  believe  that  the  intestinal 
oncometer  is  the  most  instructive,  because  the  coil  of  intestine  under 
observation  gives  a  truer  record  of  what  is  occurring  in  that  important 
area  called  tho  splanchnic  area,  than  any  other  abdominal  organ. 

Pathological  Conditions. 

The  vaeo  i  is  influenced  me  extent  by 

conditions  of  tho  cerebrum,  some  emotions,  such  as  fr;ir,  causing 
pallor     |  u.nirii.  1     others    causing     blushing    (vaso- 

dilatation') 

It  i  able  t,.i  over-estimate  the  importance  of  the 

study  el  i    phenamenSj  as  a    means  of  explaining  cor  tain 

pathological  conditions;  our  knowledge  oF  the  processes  concern'  I 
in  inflammation  is  a  case  in  point 

orders  01  the  vessels  due  to  raso-motor  disturbances  are 
generally  sailed  angio-neurom.  Of  these  wo,  may  mention  the 
follow  iuy 

Tad         bmiU  is  doe  to  abnormal  sensitiveness  of  the  vascular 

nor.  awing  tho  finger-nail  across  the  skin  causes  an  immediate 

We  .  :  least  a  red  mark  that  lasts  a  considerable  time,     Atone 
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time  this  was  considered  characteristic  of  affections  of  the  cerebral 
meninges  like  tubercular  meningitis,  and  was  consequently  called  tho 
"  meningeal  stronk."  It,  however,  occurs  in  a  variety  of  pathological 
conditions  of  the  nervous  system,  both  cerebr.il  ami  spinal. 

In  certain  conditions  which  lead  to  angina  pectoris  tho  pain  in 
the  heart  is  in  part  clue  to  its  being  unable  to  overcome  an  immense 
peripheral  resistance,  and  the  condition  is  relieved  by  the  adminis- 
tration of  drugs  like  anivl-nitritc  or  nitro-glycerin,  which  relax  the 
vessels  and  cause  universal  bUtuhii 

Raynaud's  disease  is  one  in  which  there  is  a  localised  constriction 
of  the  vessels  which  is  so  effectual  as  to  entirely  cut  off  the  blood 
supply  to  the  oapfflftl  v  areas  beyond,  and  if  this  lasts  any  considerable 
lead  to  gangrene  of  the  parts  in  question. 

Local  Peculiarities  of  the  Circulation. 

The  most  remarkable  peculiarities  attending  Llit-  circulation  of  blood  through 
different  orpins  arc  observed  in  the  eases  of  the  i  ffil  oryatu,  luny*,  /ir*r. 

ipU  ,  ,  ..ml  I  ,■»■•-. 

fntiu  Bruin. — The  brain  must  aluav-  Ik:  supplied  with  blood,  for  other.*,  i-  llD 
mediate  loss  of  consciousness  would  follow.  Hence,  to  render  accidental  oblitera- 
tion almost  impossible,  four  large  arteries  are  supplied  lo  the  brain,  and  these  anas- 
tomose together  in  the  circle  off  Willi1..  The  two  vertebral  arteries  arc,  moreover, 
protected  a)  bony  cattail.  Two  of  the  brain  arteries  can  be  tied  in  monkeys,  und 
three  or  even  all  four  in  dog.,  without  the  production  of  serious  symptoms.  In  the 
last  case  enough  blood  reaches  the  brain  by  branches  from  the  superior  intercostal 
arteries  to  the  interim  spinal  artery,     i  he  sudden  obliteration  of  one  carotid  artery 

in  man  may  in  sonic  i-asis  produce  epileptiform  spasms  ;  the  sudden  occlusion  of 
I.Hith  QOCaaiOni  loss  of  ccuv :ioiiKnfSs.  I  niformity  of  supply  is  further  ensured  by 
the  arrangement  of  the  vessels  in  the  pin  mater,  in  which,  previous  to  their  distribu- 
tion to  the  substance  of  the  brain,  the  large  Bl  fak  up  and  divide 
iiiiumirraMe  minute  hnU  ing  In  CapU*ttiMa  which,  afler  frequent  comtnuni- 
cation  with  one  another,  enter  the  brain  and  carry  into  nearly  every  part  of  it  uni- 
form oh|  equable  streams  of  blood  Th<  arteries  are  enveloped  in  a  special 
Ivmpbatie  sheath.  The  arrnngenient  of  the  veins  within  the  cranium  ifl  id  so  peculiar. 
The  large  venous  trunks  or  sinuses  are  formed  so  as  to  be  scarcely  capable  of  change 
i/.e:  and  compose.!,  at,  they  arc.  of  the  tough  tissue  of  the  dura  nutter,  and.  in 
some  instances,  bounded  on  one  side  by  the  bony  cranium,  they  are  not  comprcs- 
i  I  I  ■•  fulness  of  the  arteries  might  |  xercJM  tfarOOgb  the  sub- 
stance of  the  brain  ;  nor  do  tin  y  admit  of  (Msteuslon  when  Ihc  (low  of  venous  blood 
from  the  brain  bob  I  I  arc  placed  between  the  vertebral  veins  and 
the  Vena  cava:  tins  vertebral  reins  anastomose  with  tin  cerebral  sinusc      Hence  on 

iqueeBtng  the  thorax  and  abdomen,  venous  bio  d  can   be  pressed  from  tb 
out  pf  any  opening  mm  i  longrtudhMl  -inns.    Expiration  acts  in  the 

sauie  way  ;  it  raises  the  cerebral  \  sure  :  if  the  skull  wall   is  defective  the 

brain  expands  owing  to  the  distension  of  its  capillaries  during  the  expiratory  act. 
The  exposed  brain  also  expands  with  Oft  h  systole  of  the  heart  Owing  to  the  fact 
that  the  brain  lies  enclosed  In  tin- cranium,  the  arterial  pulse  is  transmitted  through 
the  brain  substance  to  the  cerebral  veins,  and  so  the  blood  issues  from  these  in  pulses. 
Since  the  brain  is  enclosed  in  the  rigid  cranium  (lie  volume  od  Mood  in  the 
caanol  alb  r  unless  the  toIuih.  of  ilu  oth<  r  cranial  contents  alters  in 
t|»c  OpiHi     li     ■  •  use. 

These  conditions  of  the  brain  and  skull  led  .Monro  and  KeUie  many  yeara  ago 

to  advance  th<  •  he  brain  must  beau  same  at 

all  times.  This  doctrine  has  been  frequently  disputed,  and  many  inc.  t  advanced 
the  theory  that  increase  or  diminution  of  the  blood  is  ao  ompuuicd  with  simultoae- 


ous  diminution  or  Increase  of  the  cerebrospinal  fluid,  so  thai  ots  Oi  the 

cmniura  arc  kept  uniform  in  volutin-.  Ilul  tin-  recent  work  ol  Leonard  Hill  has 
shown  that  the  Monro-Kcllic  doctrine  is  in  the  main  true.  Histological  evidence 
has  recently  been  obtained  of  1 1 1  <-  Wllslltnffl  of  DSSrVfl  plexuses  round  t  lie  pial 
arteries.     The  arteries  arc  muscular,  and  lli<-  nerves   thai  m-.-t    probably 

vaso-mntor  in  function.  Experimental  evidence  so  far.  however,  has  not  estab- 
lished that  the  action  of  these  nerves  is  a  mar;.  bnal  circulation 
passively  follows  the  slightest  changes  in  aortic  and.  DON  especially,  vena  cava 
pressure,  and   DO  a- live  vaso-motor  change   In-   been  OOnclUSIYi  lv    proved. 

rdocltj  of  blood-flow  through  ths  brum  Is  thus  Influenced  markedly  b]  tin-  con- 
diiion  of  the  v  mic  area.     If  the  tone  ot  'the  skeletal  muscles  and 

lint  of  the  vessels  be  suddenly  inhibited  by  fear,  or  temporarily  destroyed  by  shock 
I  In-  blond  will  drop  owing  to  its  weight  into  the  dilated  and  supported  vessels  in  the 
most  dependent  parts  of  the  bodj  .  The  flow  of  blood  through  the  brain  will,  under 
iIh  tease,  that  is  raaay,  go  long  u  the  body  is  in  the  erect  posture. 

Thus,  to  restore  a  fainting  person  the  head    must    be  lowered  between  the  knees. 

Muscular  exercise,  bj  returning  blood  to  the  heart  from  the  veins  ■  >!  the  lower  parts 
of  the  body,  conduces  to  the  maintenance  of  aw  efficient  cerebral  circulation. 

It  is  not  the  volume  of  the  blood  hut  the  retodty  of  How  which  is  altered  in 
the  brain  by  changes  in  the  general  circulation.      The  brain  t  irculaliug 

biood  almost  entirely  fills  the  cranial  cavity  in  the  living  animal:  that  is,  there  is 
no  more  ccrcbro-spinal  fluid  there  than  '•  lufficicnl  to  moisten  the  im-mhranes. 
terchro-spiiial  fluid  escapes  into  the  veins  si  any  pressure  above  the  cerebral 
v  ■•nuns  pressure  :  the  tension  of  this  Bold  and  the  preSSBTC  in  the  veins  are  therefore 
always  the  same.  The  fluid  probably  transudes  from  the  vascular  fringes  of  the 
choroid  plexuses  in  the  ventricles  of  the  brnin.  anil  fa  d  by  the  pial  veins. 

There  is  not  enough  of  this  absorlwblc  tlunl  present  to  allow  of  BkOIC  thai]  S  slight 
increase  of  the  volume  of  blood  in  the  brain.     If  the  aortic  pre  .  and  the 

rest  cava  pressure  remain'-  const. ml  the  <  onilitions  in  I  he  brain  are  as  follows  : — 

More  Blood  m  the  arteries,  less  in  the  veins,  inere.used  velocity  of  Mow. 

While  if  the  aortic  pressure  remains  COOStanl   and  the  vena  cava  pressure  i 
the  conditions  art- :  — 

Less  blOOd  in  tin-  arteries,  more  in  tin-  veins,  diuiirn: .lied   velocity  ©f  How. 

The  brain  presses  against  the  cranial  wall  with  a  pre. sure  equal  to  that  in  the 
cerebral  capillaries.     A  foreign   body  introduced    within   the  as  a 

blood -clot  or  depressed  heme,  produces  local  omnia  of  the  brain,  by  occupying  lli< 
room  of  the  blood.  So  soon  as  the  capillaries  are  thus  obliterated  the  pressure  is 
raised  to  arterial  pressure.  J  Increase  Of  cen.br.il  tension  cannot  be  trans- 

mitted iiv  the  oarebro  spinal  Bobs,  because  fbls  fluid  can  never  be  retained  in  the 

meningeal  spaces  at  a  tension  higher  than  that  of  the  cerebral  veins,  but  i. 
Immediately  re-absOrbodL  ITu)  anatomical  arrangements  of  the  tentorium  cercbclli 
end  the  falciform  ligarm  Bch  Bl  to  largely  prevent  the  transmission  through 

the  brain-substance  of  a  local  increase  of  pressure.  There  is  complete  pressure 
discontinuity  between  the  cranial  and  verteliral  cavities.  The  serious  results  that 
follow  cerebral  compression  are  primarily  due  to  obliteration  of  the  blood  vessel.-., 
and  consequent  ana-mia  of  tie  brain.  A  very  small  foreign  body  will,  if  situated 
in  the  region  iof  the  bulb,  produce  the  gravest  symptoms.  For  the  centres  which 
iirol  the  vasculur  and  respiratory  systems  are  rendered  aiuemic  thereby.  The 
cerebral  hemispheres  may,  on  the  other  h.ui;i.  be  compressed  to  a  large  extent 
without  causing  a  fatal  result  The  major  symptoms  of  compression  arise  as  soon 
as  any  local  increase  of  pressure  is  transmitted  to  the  bulb  and  causes  ana-mia 
there. 

In   .'.  •.  — The  instances  of  greatest  variation  In  the  quantity  of 

blood  contained,  at  different  times,  in  the  same  organs,  arc  found  in  certain 
structures  which,  under  ordinary  circumstances,  arc  soft  and  flaccid,  but,  at  certain 
limes,  receive  an  unusually  large  quantity  of  blood,  become  distended  and  swollen 

only  experimental  evldenoo  yet  adduced  u  la  thl  fanotloDll  teUvHvaf  tin**  nerves  l»  cob- 
UiucU  in  tin.-"  *MK  of  Ferrlor  and  li'O  ii<-.  TUey  iKifuwl  dolltfljiaUri  Hood  tlirvujn  •  rtccutly  uciaed 
Praia,  Sad  found  Uial  Uie  addition  of  adreriaUu  to  Uie  blood  alwaya  produced.  ooa»trletlOD  ofllit  vwaeli 
aud  a  Instiled  blood  Dow. 


CII.    . 


1'ILK    STKL'CTUKIIS 


M.i 


by  it.  and  pass  into  the  state  which  has  been  termed .  .■■■   Hum.     Such  structures  are 

$pOHfion  i.  tic   male,  and  the 

rlitnru  in  the  female :  and.  to  a  less  degree,  the  idpptt    of  the  m;nmiiar\ -  trland  in 

both  sexes     Thecorpu  h  is  the  best  example  of  an  erectile 

structure,  lias  an  external  fibrous  membrane  or  flhfalTl :  and  from  the  inner  surface 
of  the  latter  are  prolonged  numerous  fine  lamella  which  divide  its  cavity  into  si 

imutments.    Within  theee  >*  situated  the  plexus  of  pen  which  the 

peculiar  crectQa  property  of  the  organ  mainly  depends.  It  consists  of  short  reins 
which  ven  closely  int. visCB  and  auavtulUOK  with  each  other  in  all  directions,  and 
admit  of  neat  variation  ■■  collapsing  ml:  state  of  the  organ,  but 

capable  of  an  amount  of  dilatation  which  exceeds  beyond  comparison  that  of  the 

artcri«-s  and  ratal  which  convej  tin-  blood  to  and  iron.  them.    The  itrong  fibrous 

tissue  lying   in   the  intervals   of  the   venous   plexuses,  and   the  external   fibrous 
ibranc  or  sheath  with  which  it  is  connected,  limit  the  distension  of  the  vessels, 
and  during  the  state  of  erection,  give  tu  the  penll  i«  ion  of  tension  and  firm- 

ness.    The   same  general   condition   ol  •orpus   spongiosum 

tbrss,  but  around  the  urethra  the  fibro us  tissue  i-  n  ker  tlian  around  the 

bod;  .  and  around   Hie  glum,    there  is   none      The  venous  blood    is 

returned  from  the  plexuses  by  compnrativ.lv  small  v.  ins.     lor  all  these  veins  one 

i  is  the  same,  namely,  thst  they  are  liable  to  ti  roof  tauueMt  when 

they  leave  the  penis.     H  •  By  concerned  in  this  action  are  the  erector 

penli   ni'i  aoo  ■  i  Erection  results  trot    tl itensioo  of  the  v. -nous 

pesxases  with  blood.    The  principal  exefttaj  n  the  erection  ol  thsnen 

nervous  LrritatfoD,  originating  in  the  part  Itself,  and  derived  n  Bexly  from  me  brain 
and  spina]  cord,  ["be  nervous  Influence  ti  comtnunlcated  to  the  penis  h»  the  |>udic 
nerves,  which  ramify  in  its  vascular  tissue;  and  after  their  division  the  penis  is 
no  longer  capable  of  erection. 

■'■  complete,  nor  maintained  for  any  time  except  when,  bogethei 

with  the  influx  of  blood,  the  i  mentioned  contract,  and  h  sing  the 

.  stop  the  efflUX  ofblo.nl.  <ir  prevent  it  from  being  as  great  ai  the  influx. 
Thi>  etreefaffoa  in  ihi  Luw/t,  Lirtr,  Sfilern  and  Kidney*  will  be  described  in  our 
sfn.iy  of  those  organs. 

Sphygmometer*. 

The   disadvantage   which  the  Ilill-Uarniird  sphygmometer  (p.  '292)  B 
is    that  in  order  tfl   an  M  it  upon    the    radial   artery,   the  base  of  the    BlaatsC  bag 

noloi  curvature,  ami  thu  ii  th.    pressure  recon 

nmjrau  in  an  attempt  bo  reduce  !li<-  deformation  of  the  shape  of  the  bug:  the 

Sbssbi  i      \  better  Instrument  to  the  csedincstl if  the 

iva  Rocci  apparatus  devised  by  C.  J.  Martin.     It  consist    ai   ...  .1  istk  bag  about 
tiirre  inches  wide,  win -I,  ,-.  irrappi  d  an.und  the  arm,  covered  a  of  lead 

and  rirnilv  strapped  00.       \ir  | .  t ■■.-.  i  .1  int.,  flu-  !..-.g  hv  S  tube  hading  from  a  . nuj.l,- 

pump)  tins  tube  is  also  connected  by  a  side  branefa  to  a  mercury  manometer, 
otinnee  to  pump  and  distend  I  be  bagi  the  sreesam  on  the  arm  is  increased 
"i.fil  a  point  is  reached  when  the  pulse   tl  tb  no  longer  fit      I  In  pressure 

necessiry  l<>  dfl  this  i  OOjUfsl  to  the  systolic  pressure,  and  is  simultaneously  registered 
by  the  manometer. 
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As  the  blood  circulate  Ji   the  •  j].:!Ih>   M.....I  ■ 

liquid  0  i  -i.ituuuts  exude  through  the  thin  walls  of  these  vessels, 
mil'  n ut.i  iin.-M :  in  ilir  i  i.-'s ue  elements.  This  exudation  is  called 
\ ,   it  rooeives  From  ;  acta  of  their  act  i 

and  is  collected  by  the  lymph  channels,  whieh  converge  bo  the  thoracic 
duct — the  main  lymphatic  vessel— and  thus  the  lymph  once  more 
re-enters  the  i  ream  near  to  the  saferanoe  of  the  largo,  systemic 

veins  into  the  right  auricle. 

Lymph  is  a  iluid,  which  comes  into  much  moro  intimate  relation- 
ship with  metabolic  proaessee  in  the  tissues  than  the  blood;  in  Eb  i. 
is  only  OHO  situation — the  spleen — where  the  blood  comes  into 
acta*]  iDiit.ici   with    the  elements — that  is,  cells,  fibres,  etc. — of  a 
us. 

Composition  of  Lymph. 

Lymph  is  alkaline,    fa  specific  gra\  .  Unit    101.5,  and  after 

ii  leaves  tho  vessels  it  rming  a  colourless  coagulum  of  fibrin. 

It  is  lil.e   blood-plasma  in  coi  ■  - 1 1  y  diluted  so   far   as   its 

its  are  concerned.  This  is  due  to  the  fact  that 
proteids  do  not  pass  readily  through  membranes.  The  proteids 
present  ore  called  fibrinogen,  serum  ylobulin,  and  scrum  albumin ; 
these  we  ihaB  study  with  the  blood-plasma.    The  salts  are  similar 

to  those  of  Mood-plasma,  :md   are   present    in    tho  same  proportions. 

lbs  waste  produote,  like  osrbonio  aoid  and  area,  are  mors  abundant 
in  lymph  than  in  blood.  The  total  amount  of  solids  dissolved  m 
Lymph  ll  about  6  per  cent.,  more  than  half  of  which  is  proteid  in 
nature. 

Whon  examined  with  the  mioroBoope  tho  transparent  lymph  la 

found  to  contain  colourless  oorposcles,  which  aro  called  lyinpluxytcs ; 

those  are  cells  with  largo  nuclei  and   rem  pa  rati  veto  little  protoplasm. 

.-    with   the    lymph    into    the,    blood,    where    they    undergo 

growth,  and  aro  trailed  leucocytes. 
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All  the  lymphatics  io  j Tiim   .-!'   ill.  ir  course  through 

Lymphatic  glands,  which  an  the  factories  of  these  corpuscles.  Lym- 
phooytasafsQ  pass  into  the  lymph  stream  whercvor  lymphoid  tissue 
is  found,  as  in  thn  tonsils,  thymus,  Malpigbian  b  be  I ipHflOD, 

Fever's  patches,  and  the  solitary  glands  of  the  infa  Bt£n&     The  lymph 
that  leaves  these  tissues  is  richer  in  lymph-cells  than   that  wl  a  oh 
n  them. 

When  lymph  ia  collected  from  the  thoracic  duct  after  a  meal 
containing  fat,  it  is  found  to  be  milky.     This  is  due  to  sonco 

in  the  lymph  of  minutely  subdivided  fat  particles  absorbed  from  the 
interior  of  the  alimentary  canal.  Tho  lymph  is  then  called  ■■hyl,. 
The  t  :  It's  constitute  what  usoil  to  be  sailed  tin:,  m  t  basis 

of  chyle.    If  tin-  a  bd  onion  is  opened  during  the  process  of  Eat  ahem  p- 
the  1  vtnj.hatics  are  aeon  as  white  lines,  due  to  their  containing 
this  milky  thud.     They  are  consequently  < 

in  and  arrangement  of  the  lymphatic  vessels  are  given 
in  Chapter  XVI IT.,  and  we  have  now  to  study  the  itroctuze  of 

The  Lymphatic  Glands. 

Lymphatic  glands  are  round  at  oval  bodies  in  sixefrom 

■  hemp-seed  to  a  bean,  interposed  in  the  course  of  the  Lymphatic 
vessels,  and  through  wfai  b  the  lymph  passes  in  its  course  to  be  die- 

charged  into  the  b] L-vooaala     They  are  found  in  great  numb 

tho  mosontery,  and  along  tho  great 
vessels  of  the  abdomen,  thorax,  and 

neck;  in  tin  axilla  and  groin,  a 
few  in  the  popliteal  space,  bul  do1 
further  down  the  leg,  and  in  the 
arm  as  far  as  the  elbow. 

A  Lymphatic  gland  is  covered 
externally  by  a  capside  of  Con- 
or.! ivo-tissuo,  generally  containing 
some  unstripea  muselo  At.  the 
Innea  side  of  the  gland,  which  is 
somewhat  con>  (  fig.  804), 

the  capsule  semis  hiwardf  pn-cesses 
called  trabecul'.r  in  which  the  blood- 
vessels are  contained,  and  these  join  with  other  processes  prolonged 
from  the  inner  surface  of  the  pari  of  the  cap  Ting  the 

mi    part    of  have  B  structure  similar 

if  the  capsule,  and  entering  the  i  m  all  rid  i 

freely  communicating,  Form  a  Bbroua  scaffolding.    Tho  b  I  the 

gland  is  seen  on  section,  even  when  S3  the  nakod  i 

ide  up  of  two  parts,  an  enter  W  cortical,  which  is   light  coloured, 


■ 


rt 

UwuX.iUsbiJy  wapUM.     o,  II 
tha  caalnJ  ;  medullar}' 

nMnm;  •.  itanctwltli 

ti..i:t  alvncili ;  d,  capeule.    (K,.llikrr.) 
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it  inner  or  medullary  portion  of  redder  106  (figs.  304, 

305).  In  the  outer  part,  "r  cortex,  of  the  gland  (fig,  305),  the 
Intervals  huculai  are  large  and  regular;    tliey  are 

Hi  whilst  in    fchfi  D101  ll    Of  medullary   pari 

finer  meshwork  formed  by  an  irregular  anastomosis  of  the  trabecular 
processes.  Within  the  alveoli  of  the  cortex  and  in  tho  meshwork 
formed  by  tho  trabeculsc  in  the  medulla,  is  contained  lymphoid 
tissue ;  this  occupies  the  central  part  of  each  alveolus ;  but  at  the 
periphery,  surrounding  the  centra]  portion  and  immediately  next  tho 
capsule  and  trabecule,  is  a   more  open  meshwork  of  retiform   tissue 


IV...    J"».      L»i»Kr»Mililalle  »«Otluii      '   I; •n;!:»'.ic   iilui'1.  '  tn[>li»t»c» ;    C. 

r  l-ho  nl»ii'l.    (Sli»ri">> 

constituting  tfa  utaining  but  few  Lyinph-oorposttlee. 

At  the  inner  part  of  the  alveolus,  the  central  mass  divides  into  two 

ot  more  smaller  rounded  or  cord-like  masses  which,  joining  with 
thoso  bom  tho  other  alveoli,  form  a  much  closer  arrangement  thau 
in  the  cortex;  spaces  (fig.  306,  h)  are  left  within  those  anastomosing 
cords,  in  which  are  found  portions  of  the  trabecular  meshwork  and 
the  continuation  of  the  lymph-path. 

The  lymph  enters  the  gland  by  several  afferent  vessels,  which 
pierce  the  capsule  and  open  into  the  lymph-path ;  at  the  same  time 
they  lay  aside  all  theil  casta  except  the  endothelial  lining,  which  is 
continuous  with  tho  lining  of  the  lymph-path.  Tho  efferent  vessels 
bogin  in   tho  medullary  port  ol   tho  gland,  ami  are  continuous  with 
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tho  lymph-pith  hero  as  the  afferent  vessels  are  with  tho  c< M 
portion. 

The  efferent  vessels  leave  the  gland  at  the  kilus,  and  either  at 
once,  or  very  soon  after,  join  together  to  form  a  single  vessel. 

Blood-vessels  which  enter  and  leavo  t  lit-  gland  at  the  hilus  are 
.    disfcribab •'!    '•    the  tTabe- 
ruLir  and  1  vmjihui.l  tissue*. 


ft 


The  Lymph  Flow. 

The  flow  of  the  lymph  ton 
tho  point  of  its  o  into  the 

veins  is  brought  about  by  several 
agencies.  With  the  help  of  the 
valvular  mechanism  all  occasional 

fjressure  on  the  exterior  of  the 
ymph.itie  and  lacteal  vessels  pro- 
pels  tho  lymph  onward ;  thus 
muscular  ami  other  external 
Bare  accelerates  tho  flow  of 
tho  lymph  as  it  does  that  of  the 
l»lood  in  the  veins.  The  action 
of  tbe  muscular  fibres  of  tho 
small  intestine,  and  tho  layer  of 
unstripod  musclo  present  in  each 
intestinal  villus,  assist  in  propol- 
g  the  chylo;  in  the  small  in- 
testine of  a  mouse,  the  chyle  has 
been  seen  moving  with  intermit- 
tent propulsions  that  correspond 
with  tho  peristaltic  movements 
of  the  intestine.  But,  for  the 
general  propulsion  of  tho  lymph 
and  chylo,  it  iB  probable  that,  together  with  tho  w»  a  lergo  resulting 
from  external  pressure,  sunn  •  force  is  derived  from  tho  con- 

tractility of  tho  vessel's  own  iralla  The  respiratory  movements, 
also,  favour  the  current  of  lymph  through  the  thoracic  duct  as  they 
do  the  current  of  blood  in  the  thoracic  voins. 

Lymph-Hearta.—  In  amphibia,  reptiles  and  some  birds,  an  important  auxiliary 
to  the  movement  of  the  Ivmpb  and  chvie  is  supplied  in  potato  muscular  sacs,  named 
bpapk-htarlM,  and  it  has  iM-en  shown  that  the  caudal  heart  of  the  eel  is  a  lymph- 
heart  aLso.  The  iiihiiIm  r  and  DOtttkuU  of  tin  -c  ffy  vary.  In  frojrs  and  toads, 
there  are  usually  four,  two  anterior  ami  two  posterior.  Into  each  of  these  cavities 
several  lymphatics  OfM  D,  tin  Olfftcea  ni  tin  llHiirltl  bdog  jrunrded  by  valves,  which 
prevent  the  retrograde  passage  of  the  lymph.  Prom  each  beat  h  smgk  vessel 
proceeds,  and  conveys  Um  Iwnph  directly  into  the  venous  system.  IJUihI  b  ]>r«-- 
rmted  from  passing  into  thr'  lymphatic  heart  l>\   .. 


Kio.  900.- A  M*a1I  port»o«i  of  DMviullarjr  nu»»Unoe 
Ikiui  a  !n-.i?iit»iU-  itUlid  at  the  ox.     •',  d,  U»bf. 

cake ;  a,  part  of  ■  cord  of  Wipplnjid  Umbo  from 

which  All  Nut  a  few  of  tlii-  JjlBfib-mrpcwIn 
have  bnni  waaM  out  to  «bow  iU  wpporUoK 
nw«hwurk  of  reUfcrm  limn*  and  lu  capillary 
Moodo-taweb  (which  hav*  ban  Injected,  and 
axe  dark  In  Um  npire);  b,  b,  ljrraj>Ti-[*tb,  of 
which  the  retiform  Uma»  la  mraarnUM 
at  r.  c  ■  800.    (KoQIkai  ) 
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The  muscular  coat  oi  these  litni-t-.  is  of  variable  thickness  |  Id  - KOM  H  OM 

only  rw  iIim  overed  03  means  of  13  i  ipe  i  bel  In  every  cs 

ped  fii'i-  -     'Mm-  contraction!  >'i  thi    hearts  nre  rhythmical,  occurring  about 

sixty    times    in    a    niiiiut.-       The    puls.it it ms   of   tin-    cervical    |>iiir   ;ir<     n.it   always 

synchronous  ^  Etfa  those  of  the  i«»ir  in  i h.  is.  bietii 

Eng  mco  of  oopoeite  side    \i  inol  d ways  synchronoos  ia  tbdr  action. 

Unlike  me  contrai  I  w  MoocHteart,  those  of  the  lymph-heart  npncur  to 

Ik-  direct!)    dependent  upon  a  certain  limited  portion  of  the  spinal  cord.    rw 

Volkiii.'iiin   (band   thai   so  long  as  the  pur   >l   spinal  cnnl  riirrrspondinjt  I"  tin- 

third  v.  i  the  fww  was  uninjured,  the  cervical  pair  .if  lymphatic  be 

innad  pulsjitinpnflcr  nil  the  rest  of  the  spinal  ceid  ami  tin-  brain  were  destroyed  : 
while  destruction  >-t  this  portion,  i  ren  though  «li  other  part  u  rroui  cenl 

vere  nntnjuredi   Instantly  arrested  tin  heart*1  movements      Tin    posterior    or 

isehiatie,  pair  of  lymph  I  r     (bund   to  l»    governed,  in  like  manner,  hi  ll»- 

[Mirtion  of  spinal  cord  corresponding   f..   the   eighth    vertebra.     Division   of  the 
posterior  spinal  runts  ilid  not  arrest   tin-   movement*  I  but   ihvisi.m  ul"  tin- .-int. 
mots  caused  them  t.i  CBS M  «t  once 

inn, rvatton  of  tin    ■  ~'*y  det<  ;l"    rate  oi  outfloii  of  s 

fluid  at  constant  pressure  passing  through  the  thoracic  duct.      mus  ind  Giej  have 

obtained  cvidei itln    pn   lend    n  ising   both   dil.t.lmn   and   ■ 

tion  •>(  the  duet.    Thesfl  are  contained  in  the  sympathetic  eh  mi  below  the  first 
thoracic  gaogihML    The  i  Heel  of  stimulation  is  principally  dilatation. 


Relation  of  Lymph  and  Blood. 

The  volume  of  blood  in  the  body  remains  remarkahly  constant 
If  the  amount  is  increased  1  > y  injection  of  fluids,  at  first  its  specific 
gravity  is  lessened,  Imt  in  a  short  time,  often  in  a  Batv  minutes,  it 
returns  to  the  normal.  The  excess  of  iluid  is  got  rid  of  in  two  ways: 
(l)  by  the  kidneys,  wl  cote  profuselj  ;  and  (21  by  the  tissues, 

which  become  moi  |  in  consequence     a  it  ••!  the  renal  artn-ii-s 

am  ligatured,  and  the  kidney  is  consequently  thrown  onl  of  & 
the  excess  of  warm"  passes  only  into  the  tissues. 

On  the  Othet  hand,  a  oeficienoy  of  blood  (for  instance,  after 
hamorrhage)  is  soon  remedied  by  a  transfer  of  water  from  the 
tissues  to  the  blood  through  the  intermediation  of  tho  lymph. 

In  severe  b  iifo  has  often  been  saved  by  injection  of 

Saline    solution    into    the    vessols,  or   by    transfusion    bom    ain-i In  v 
person.     The  transfer  of  the  blood  her  animal  tr»  the  human 

vascular  system  is  (anally  dangerous,  especially  if  tho  blood 
detibrinated,  for  tho  serum  of   one   animal    is   usually  poisonous  to 
another,  producing  various  changes,  of  which  a  breakdown   of   tho 
corpuscles  (hemolysis)  is  the  most  constant  sign. 


Formation  of  Lymph. 

Carl  Ludwig  taught  that  the  lymph  flow  is  conditioned   by  two 
factors:  first,'  tests  tho  pressure  of  the  blood  in  the  capil 

and  of  the  fluid  in  the  tissue  spaces,  giving  rise  to  a,  filtration  of  fluid 
through    the   capillary    walls;    and     secondly,   chemical    differences 


I  hi      in  nr^lr  iiimiiiiil'  of  tlll'sr  liTllls  is  rxpliillli-il   ill  llli-  sci'lioil    ill    small    print 

nt  the  «-nd  od  thlfl  I  fa  ■  pf »  r . 

If  the  lymph  ia  produced  by  a  simple  act  of  filtration,  inn  the 
amount  of  lymph  must  tin  Ink  with  the  value  of   D — d\  D 

representing  the  capillary  blood-proBsure,  and  d  the  pressure  in  il 
tissuo  spaces. 

In  support  of  thiB  mechanical  theory,  various  wml.   i     in  Ludwig's 
laboratory  showed  that  increased  capillary  pressure  due  toobstruti 
of  the  venous  outflow  increases  the  amount  of  lymph  formed;  and 
that  diiniiiution  of  the  pressure  in  the  lymph  spaces,  by  squeezing 
out  the  Lymph  pre\ Ura •■  n  khsm,leads  toon  inoreaae  is 

lbs  tram  i 

On  the  other  hand,  there  were  some  foots  which  could  not  bo  well 
plained    by    fche  filtration   theory,  anion;.'-  which    may  be   mentioned 
■  t  i. -ii  of  [  1 1 rare  in  causing  an  increase  of  lymph  Mow. 

Heidenhain   was   the  first  to  fully  recognise   that  the  laws  of 
(iltratiou  and  osmosis  as  applied  to  dead  membranes  may  be  con- 
[erably  modified  wb  d  nbranos  are  composed  of  living  colls  ; 

;u ill  ho  considered  that  the  formation  of  lymph  is  due  to  the  select 
or  secretory  activity  of  the  endothelial  walls  of  the  capillaries.  This 
so-called  vital  aotioo  of  i!i  ■  endothelial  sella  Is  seen  in  the  fact  that 
after  the  injection  of  sugar  into  the  blood,  in  a  short  time  the  per- 
centage of  sugar  in  the  lymph  becomes  higher  than  that  in  the 
blood  There  must,  therefore,  be  some  activity  of  the  endothelial 
Sells  10  picking  out  the  sugar  from  tho  blood  and  passing  it  on  to 
the  lymph. 

Heidenhain   is  also   toe    inventor   of    the    term    tymphajtoa 
(literally,  lymph  drivers),    These  an  substances  like  swans,  which 
have  ■  a'.tion  in  causing  an  increased  lymph  Bow,     Hsndsn- 

hain  coo  id  tajority  of  these  act  by  stimulating  the  endothelial 

colls  to  activity.      This  conclusion,   hi  •'•  iibj-rt'-il    to 

much  ciitici  in  In  fchis  country  the  question  has  been  taken  up  by 
Starling,  who  has  shown  thsi  the  influence  of  ritaJ  aotioo  in  not 
so  marked  as  Heidenhain  supposes  it  to  be,  but  that  must  of  the 
phenomena  in  connection  with  lymph  formation  can  be  explained  by 
the  simpler  mechanical  theory.  Starling's  views  may  be  briefly 
stated  as  follows: — 

The  amount  of  Lymph  pnoduoed  is  on   two 

factors : — 

1.  The  pressure  at  which  the  blood  is  Bowing  through  Kb 
lam-      Heidenhain   took  the  arterial  pressure  in  his  experiments  as 
the  measure   of    the   capillary   pressure;    .Stalling   points  out,   very 
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in  1 1  v,  that  thifl  is  incorrect,  as  ilic.ro  is  between  the  arteries  and  the 
capillaries  the  peripheral  resistance  in  the  arterii  I 

2.  The  permeability  of  the  capillary  wall.  This  varies  enormously 
in  different  regions;  it  is  greatest  in  the  liver,  so  that  an  intra- 
•■illary  pressure  which  would  D8U86  lymph  to  flow  here  is  wit li. .1 1 1 
•  •  t r<  t - 1  on  the  prodi  ■■  lyi  iph  in  the  li 

Tin-  flow  of  lymph  may  therefore  1)0  increased  in  twn  ways: — 

1.  By  increasing  the  intracapillai  v  pressure,  This  may  1*  done 
locally  by  lii  n  tiring  tho  veins  of  on  organ ;  or  generally  by  injecting 
a  large  amount  of  fluid  into  the  circulation,  or  by  the  injection  of 
such  sal  B  as  Bugar  and  salt  (Heideuhain's  first  class  of 
lymphagogues)  into  tho  blued.     These  attract  water  from  tho  tissues 

11I  thus  increase  tbevolnmi  1 ireulating  fluid 

1  i   1  iise  1  lm  iiilr.i.i.Mpilliirv  pressure. 

2.  By  increasing  the  permeability  of  the  capillary  wall  by  injuring 
its  vitality.  This  may  be  done  In  illy  by  scalding  a  part;  or 
generally,  by  injecting  certain  poison  as  peptone, 
leech  extract,  decoction  of  mussels,  etc.  (Heidenhain's  second  class 
of  lymphagogues).  These  act  chiefly  on  the  liver  capillaries;  curare 
acts  chiefly  on  the  limb  capillaries. 

In  the  light  of  our  present  knowledge  on  this  question,  it  is 
impossible  to  pronounce  any  absolutely  positive  opinion.  But  facts 
appear  to  mo  to  be  accumulating  which  tell  in  favour  of  the  secretion 
theory.  If  the  endothelial  wall  were. a  non-living  nx km  dm  1  physical 
processes  would  obviously  exydain  all  the  phenomena  of  lymph  forma- 
tion. But  wo  must  recognise  tlii!  bhe  endothelial  cells  are  alive, 
■nd  that  like  other  colls  they  are  capable  of  a  selective  action  which 
may  masl:  m  oottnteracfi  or  assist  the  purely  physical  processes.  If 
the  ;h  I  inn  oJ  poisons  was  simply  to  injure  the  vessel  wall  and  increase 
its  permeability,  tho  amount  of  lymph  should  bo  proportional  to  the 
intensity  of  the  injury;  but  this  is  not  found  to  he  the  case. 
Hoidenhain  no  doubt  went  too  far  when  ho  attributed  lymph  forma- 
tion almost  exclusively  to  endothelial  activity  ;  and  Starling  has  gone 
too  far  in  the  other  direction.  My  OWB  opinion  is  that  lymph 
formation  is  mainly  influenced  by  the  physical  nuidii  inns  present, 
for  1  n  of  Bach  I  bin  colls  as  those  of  tho  capillary  wall  cannot 

be  sufficiently  great  to  entirely  counteract  these  conditions;  at  the 
same  time  it  is  impossible  to  deny  that  there  is  some  such  ael 
as  maybe  described  by  tho  terms  "  selective "  or  "secretory."  The 
question  is  closely  related  to  that  of  absorption  from  tho  alimen- 
tary canal,  and  wo  shall  find  in  studying  that  subject  thai  there 
is  a  similar  difference  of  Opinion,  and  that  recently  published 
researches  confirm  the   theory  of     .1  ■■:   ve  activity  of  tho  absorptive 

epithelium. 


Osmotic  Phenomena. 

Tin-  investigations  of  physical  chemist  i  during  recent  year*  have  given  us  new 
■  ptiODJ  oi  the  nature  ot'  solutions,  and  these  have  important  bearings  on  the 
u  .tinii  ui  osmotic  phenomena,  iimi  n  ere  interesting  bo  the  physlologlsl 

Water  is  the  fluid  in   which  soluble  materials  arc  usually  dissolved,  and   at 

temperatui  burl  movement  i 

rlw  Imtt.r  th<-  water  the  more  iclm  are  the  movements  of  its  mofccolOi  Until  when 
nt  last  it  is  converted  into  steam,  the  moli-t  nl.ir  inoveinentl  become  much  more 
energetic.     Perfectly  pore  wtb  I  OODflW     Of  molecules  with  the  formula  H,0. 

•  molecules  undergo  practically  no  dissociation  into  their  constituent  ions,  and 
it  is  for  this  reason  that  pure  wafc  ■   It  not  n  conductor  of  electricity 

It  a  .nh-t.in.-i-  like  sugar  is  dissolved  in  the  water,  the  solution  still  remains 
incapable  of  conducting  n  electrical  current.  The  sugar  molecules  in  solution  arc 
still  SUgai  molecules  :  they  do  not  undergo  dissociation. 

But  if  a  substance  like  salt  ll  dissolved  Ifl  the  inter. the  .solution  is  then  capable 
of  conducting  electrical  cum  STtS,  anil  tin  same  is  true  for  most  add  'Its. 

lli'  noes  rlo  urn  ition,    ind  the  simpler  materials  Into  which 

Un-y  arc  broken  up  in  the  water  are  called  ion*  Thin  M  odium  chloride  Is  dissolved 
in  ■ratat  I  certain  camber  of  its  molecules  become  dissociated  into  sodium  ir.ns, 
which  are  charged  positively  with  electricity  Slid  Chi  .  which  arc  charged 

■egativerj  with  electricity     SimilarU  n  sulution  of  hydrochloric  add  In  v,  iter  coo 
t  i  n.  free  hydrogen  ions  and  free  chlorine  ions.     Sulphuric  acid  is  decomposed  Into 
li   .1  mil  ions  of  S04.     The  term  ion  is  thus  nut  equivalent  to  anno,  for 

y  In-  a  gfOUp  uf  atoms,  like  SO,,  in  the  example  just  given 

I  urtln  r.  in    tin    CSM  Of  hydrochloric    icul.  tlic   negative  charge  of  the  chlo 
Ion  i-.  equal  bo  the  positive  charge  of  the  hydrogen  ion:  bul  in  the  case  of  the 
sulphuric  acid,  the  negative  charge  of  the  SO,  ion  is  equal  to  the  positive  charge  of 
two  hydrogen  ions.      We  can  thus  speak  of  monovalent,  ilivalent.  Iro.  dent,  etc.. 
ions. 

|i..sitivi-lyehargrdarccalled  A-ii/-i'«o»«lK-causeilM  ■;.  oilsthckv 

OF  negative  pule  ;   I  DOM  «  luci  i  .led  a„  ,.,tty  been  ,e  tli'-\ 

move  to a  or  positive  pole      I  "be  roDo  wing  are  some  examples  uf  each 

cJui  :  — 

Kat-ion*.     Monovalent :— H.  Nu.  K.  Ml,,  etc. 

bivalent  :— Ca,  Ba.  F«  (in  lerrous  salts),  etc. 
Trivalcnt :— Al.  Bi,  Sb.  !"•  i  In  ft  rric  salts),  etc. 
An-lona.       Monovalent  :— II.  Br,  I.  OH,  NO.,  et  , 
Divalent  :— S.  Sc.  SO,.  etc 

Roughly  speaking,  il,  m  iter  the  dilution  the  more  nearly  complete  is  the 
dissociation,  and  in  a  very  dilute  r  such  a  substance  as  sodium  chin, 

we  may  consider  that  the  numlicr  of  ions  is  double  the  number  of  molecules  of  the 
Salt  pns.nt. 

The  ions  liberated  by  the  act  of  dissociation  are.  as  we  have  seen,  charged  with 
electricity,  and  when  an  electrical  current  is  led  into  such  a  sulution.  it  is  conducted 
through  the  solution  by  the  movement  of  the  ions.  Substances  which  exhibit  the 
properly  111* lllSSOl  llTlflll  arc  known  M  electrolytes. 

The  liquids  of  the  body  contain  electrolytes  in  solution,  nnd  It  is  owing  bo 
fact  that  they  arc  able  to  conduct  eleci  ricaJ  currents. 

This  conception  of  I  let  bob  tei  which  we  owe  to  Arrhenius  is  extremely  impor- 
tant in  view  of  th>  of  osmotic  pressure,  becaune  the  act  of  dissociation 
increases  the  number  of  i>articles  moving  in  the  solution,  and  so  increases  the 
Osmotic  pressure,  for  in  this  relation  an  ion  plays  the  same  part  as  a  molecule. 

Another  physiological  aspect  of  the  .subject  is  ICCII  in  a  study  of  the  actions  of 
mineral  salts  Ifl  Rotation  on  living  organisms  and  parts  of  organisms.  Many  years 
ago  Ringer  showed  that  contractile  tissues  (heart,    II  <>ntinue  to  manifest 

their  activity  in  certain  saline  solutions.    We  have  already  seen  (p.  256)  that  How,  II 
considers  the  cause  of  rhythmical  action  in   the  heart  is  the  presence  of  these 
tances  in  the  blood  or  lymph  which  bathes  it. 
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Loeb  and  his  fellow-workers  have  confirmed  these  statements,  hut  interpret 
them  now  as  ionic  action.     Contra  net  will  not  contract  in  pure  solutions  of 

non-electrolytes  Hike  sugar,  un-a.  albumin)  But  different  contractile  tissues  differ 
in  thi  n  iiur.  nt'  Qm  lOIU  which  IN  most  favourable  stimuli.  Thus  T*1li*  muscle, 
cilia,  amoeboid  movement*  karyoUnesis,  cell  division*  are  all  alike  in  requiring  a 

proper  adjustment  of  long  in  their  surroundings  if  thev  arc  to  continue  In  act,  but 
(he  proportion.-  must  be  d  in  individual  CUM      Ions  affecting  the  rhythmical 

nacttont  may  be  divided  Into  tl  s :  (i)  note  which  pi  idnee  such  eon- 

tractions;  of  these  the  most  effit   ■       i  rd  or  inhibit 

rhythmical  con  tr.n  linns  :  tor  Uutance,  Caand  K.  iff)  Those  which  .-nt  catalytiially, 
that  is,  they  ncclerale  the  action  of  Na,  though  they  do  not  themselves  produce 
rhythmical  contractions  directly:  for  instance,  H  and  OH.  In  spite  of  the 
antagonistic  died  of  Ca,  a  certain  minimal  amount  of  il  mi -I  bt  present  If  contrac- 
tions are  tr>  continue  for  any  length  of  time.  Inns  produce  rhythmical  contraction 
only  because  they  affect  either  'In  physical  condition  of  the  eoUoidal  substances 
[ir.il nt     -Ir  )  in  protoplasm,  or  the  rapidit*.  ol  ciii'inieal  processes. 

Loeb  has  even  gone  so  far  as  to  consider   that  the  procc  LOO  is 

in  i'u:l;.     lOOM  action.        Ilr  il'iiic-   that    Hie   mi  del  I  li   ill   the   head  of  Hie  spcrmulo/oon  is 

■    iti  hi,  I. in    1 1  ..  rts  thai  ill  •  itozoon  does  is  to  act  as  the  stlmuhu  En  the 

dneadjttStinent  of  the  proportions  of  the  .siirri'iuuliii^  mn-..  ill  supports  this  view 
by  numerous  experiments  on  in. i.  111  which,  without  the  presence  or  ■permahMOSi 
he  has  prodoi  i  .illy  imperfect  ones,  ii  is  true)  by  merely  altering  the 

saline  constituents  of  tne  fluid  thai  bathes  them,     Whether  auofa  ■  sweeping  and 

almOSl  revolutionary  notion  Mill  st  mil  the  test  of  further  vcritidtion  inie.l  DC  1 1 -ft  to 
the   future.      Sfl   alsfl    must    the   e<pi.ill\    in>]  .<•!  t.int    idea    that    the   basis   of  a   nerve- 

uapulse  is  electrolytic  action. 

Gramme-molecular  Solutions. — From  the  point  of  view  of  osmotic  pressure  a 
convi  iii.-iit  unit  is  the gi  lecide.    a  paarae-molecule  of  anj  tubstanx 

the  mi  oitity  in  (.Tiininirs  ..t  th.t  Mii.-.t  on .  <-<pi.ii  bo  it-  radeculai  weight  A 
gramme  nvwecalar  solutioo  is  one  which  contain  sub- 

HCe  per  litre.      Thus  |  gramme  molecular  soliiliiai  ol'  -.iiiliiini  chloride  iSOSC  which 
cont.ii  is  06*6  grammes  «f  SOdtun  chloride  (Na     38*05i  CI  in  a  litre     A 

gramme-molecular  solution  of  grape  sugar  ,'<', . 1 1 ; .  .()„)  i-  one  which  contains  I  79*66 
grammes  of  grape  sugar  in  a  litre.  A  gramme  molecule  of  hydrogen  (II  j 
grammes  by  w<  tgbt  of  hydrogen,  and  if  this  was  compressed  to  the  volume  of  a 
litre,  it  would  he  comparable  to  a  grarame-mnlccular  solution.  It  therefore  follows 
that  a  litre  containing  9  grammes  of  hydrogen  contains  the  on  number  of 
molecules  of  hydrogen  in  St   as  a  litre  of  a  solution  conl  LUlilUJ  iiuiics  of 

sodium  chloride  or  one  containing  178*68  grammes  of  grape  sugar,  has  in  it  of  salt 
or  sugar  molecules  respectively.  To  put  it  another  way,  the  heavier  the  weight  of 
a  molecule  of  any  sub.-tancr.  Hie  more  of  that  substance  must  be  dissolved  in  the 
litre  to  obtain  its  gramme  molecular  solution  Or  -till  another  way:  if  solutions  of 
various  Substances 'are  made  all  of  the  same  strength  per  o .-nt..  tin  solutions  of  the 
materials  of  small  molecular  weight  will  contain  more  molecules  of  those  materials 
than  tin  -(iiutions  of th  Biateriau  which  have  Iwavy  rnolecules.  w<  hall  see  that 
the  calculation  of  osmotic  pressure  depends  upon  these  facts. 

Diffusion,  Dialysis,  Osmosis.      If  two  gases  are  brought  together  within  a 

closed  space,  a  homogeneous  mixture  of  the  two  is  soon  obtamca.    This  i*  due 

to  the  moyenieata  of  the  gaseous  moieenles  within  the  confining  space,  and  the 
process  is  called  <Iij}u.il'>n.  In  a  similar  way  diffusion  will  effect  in  lime  a  homo- 
geneous mixture  of  two  liquids  or  solutions.  If  water  is  carefully  poured  on  to  the 
I  ice  of  a  solution  of  salt,  the  salt  or  its  ions  will  soon  he  equally  distributed 
throughout  the  whole.  If  a  solution  of  albumin  or  any  other  ootmdoi  substance  is 
i  ratteen*  of  salt  in  the  experiment,  diffusion  will  be  found  to  occur  much  more 
slowly.  If,  instead  of  [Kiuring  the  water  OB  to  the  surface  of  a  solution  of  salt  or 
sugar,  the  two  are  separated  by  a  membrane  made  of  such  a  material  as  parch  m 
paper,  I  siunlir  diffusion  will  occur,  though  more  slowly  than  in  case-,  where  the 
membrane  is  absent.  In  time,  the  water  on  each  side  of  tin  mi ■mhraue  will  contain 
the  same  quaulitv  of  sugar  or  salt.  Substances  which  pass  through  such  membranes 
arc  called  cryslallouU.     Substances  which  have  sucli  largL   molecules  (starch,  pro- 
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trirl,  etc.)  that  they  will  not  pass  through  such    membranes  are  rolled  rtoflridt. 

DifFttHion  of  substances  in  solution  which  hare  to  deal  with  an  intervening  membrane 

ually  called  <it<ih/rir.    The  process  of  filtration  (i.e..  the  passage  of  materials 

through  the  pores  o!  a  membrane  under  the  Influence  of  mechanical  pTBBSDTI  A  may 

(»j  vertically  as  shown 

In  the  diagram  ■  id  the  two  Huldi  a  tad  it  on  sad  it.    Diffusion 

through  ■  membrane  Is  noi  limited  to  thi  water,  bnl  n  maj  ocebtbIbo 

in  tlu  ill.     of    ■! '  tin  Bufastani  4v«d  in  the  water,     but  very  few  or  no 

memhriii.es  lire  cqualh   permeable  to  water  and  to  molecules  of  Ihe  substances 

solved  in  the  water.     If  in  the  Hocompa  im  0 mpartmenl  A  is  (Wed 

>illi  pure  water,  and  b  with  a  sodium  chloride  solution,  the  liquids  in  the  two  I 
partnients  will  ultimately  be  found  to  be  equal  in  hulk  ||  they  win- at  the  start. 

ion  of  .salt  of  half  the  original  strength  of  that  in  the  compart- 
ment h.  But  at  first  the  volume  of  the  liquid  in  compartment  a  increases,  been  use 
more  water  molecules  pass  into  it  from  v  than  MM  BMW »  nh  *  passfrom  b  to  *.  'I  In 
term  ormotie  is  generally  limited  to  the  stream  of  water  molecules  passing  through  a 
membrnne,  while  the  term  dialjftit  is  applied  to  the  passage  of  the  mnlecuh 
tinii  in  the  water.  Ihe  osmotic  stream  of  water  is  especially  important. ami  in  I 
necf  lik  it  1%  nrcc  vary  to  explain  the  term  tumntir  preBWrV,      At  first,  then. 

osmosis  (the  diffusion  of  wat<  rj  Is  mora  i  ipid  than  the  dialysis  (the  diffusion  of  Ihe 
salt  null'  us).     The  older  explanation  of  this  was  that  salt  attracted  tin- 

water,  but  wc  BOW  express  the  fact  differently  by  saytnjr 
that  the  salt  in  solution  exerts  a 
the  result  nf  tin- nsmrilic  prevsure  is  that  more  water 

the  Mater  side  to  the  side  of  the  solution  than  in  tin 
contrary  direction.  The  osmotic  pressure  varies  with  the 
amount   of  .  c  in  solution,  and   is  also  altered   bv 

variations  of   temperature    occurring  more  rapidly  at  hijrli 
than   at   low    lenijii  ml  arcs. 

If  wc   imagine  two  masses  of  water  separated   by  a 

permeable  membrane,  If  many  water  molecules  will  pass 

one   side  as   from    the  other,   and    so  the 

rolumca  of  the   two   maaaea  of  water  will    remain  un- 

I'hingiii.    if  now  wc-  knagtne  the  ineanbfane  m  is  noi  ; 

|i  i  ccept  t"  water,  and  the  compartment  \  contains 
w..ter.  and  the  compartiiient  ■  contains  a  solution  of  salt 

or  sugar  :  under  these  circumstances  water  will  pSM  through  into  n,  mid  the 
of  n  will  iBCreaM  in  proportion  to  the  osmotic  pressure  of  the  sugar  or 
salt  In  solution  in  u,  hut  DO  mok  CUies  nl  sugar  or  salt  can  get.  through  into  ■  from  it. 
so  the  v.  iliiiiu  of  ilui<l  in  v  «  ill  continue  to  decrease,  until  at  last  B  limit  is  r.  ached. 
iii  •  di  termination  of  t hi-,  limit,  at  measured  by  the  bright  of  ■  cohnnn  of  fluid 

or    mercury    which    it  will    support,    will  give   n |  I  BCM 
ure. 

If  a  bladder  containing  strong  salt  solution  is  placed  in  a  vessel  of  distilled 
water,  water  passes  into  the  bladder  by  osmosi-.,  so  that  the  bladder  is  swollen, 
and  a  manometer  connected  with  its  interior  will  show  a  rise  of  pressure  (osmotic 
pressure).  But  the  total  rise  of  pressure  cannot  be  measured  in  this  way  for  two 
reasons  :  (1)  because  the  salt  diffuses  out  as  the  water  diffuses  in  ;  and  (2)  because 
the  meanbrane  of  the  bladder  leaks  :  that  is,  permits  of  filtration  when  the  pressure 
•within  it  baa  attained  a  certain  height. 

It  is  therefore  necessary  to  use  a  membrane  which  will  not  allow  salt  to 
OUt  either    \>,  .r    iiltratlon,  though    it  will  let  the    water    pass  in      Such 

membranes  are  called  rans'pi  am  s,  and  one  of  the  best  of  these  is 

ferrocyanide  ofcoppar.     This  may  l»e  made  by  taking  a  cell  of  porous  earthen" 
and  washing  it  out  fir*>t  with  copper  sulphate  and  potassium  h  rrocym- 

.in  insoluble  precipitate  of  copper  lerrocjairide  i-  thus  deposit  >i  la  the  porea  of  the 
earthenware. 

If  such  a  cell  is  arranged  as  In  fig.  SOS,  and  filled  with  a  1  per  cent,  soluti.ii,  of 
sodium  chloride,  water  dffluBM  in.  till  the  pressure  registered  by  the  manometer 
reaches  the  enormous  height  .if  WOO  mm.  ot  mercury.     If  the  pressure  In  the  cell 
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is  increased  iwyond  this  artificially,  water  will  be  pressed  through  the  semi-perme- 
able walls  of  the  cell  and  the  solution  will  become  mote  concentrated. 

In  other  worths,  in  order  to  make  a  solution  of  sodium  chloride  of  greater  con- 
centration than  1  percent,  a  pressure  greater  than  M)00  mm.  of  mercury  must  be 
employed.    The  osmotic  pleasure  exerted  bj  ■  -  percent,  solution  would  be  twice 

as  great. 

Though  it  is  theoretical  I  to  measure  osmotic  pressure  by  a  raanoi 

in  this  direct  nay,  practically  it  is   hardly  ever  dene,  and  some  of  the  indirect 
methods  of  measurement  described  later  arc    i  id.    The  reason  for  this  is 

that  il   has  been  found  impossible  t«i  construct  a  membrane  which   is  absolutely 
semi-prrmcable :  they  Hre  nil  permeable  in   some  degree  to  the  molecules  of  the 
dissolved  crystalloid.     In  course   of  time,  tin  n '• 
the   dissolved  crystalloid   ■■'ill  Ik-  equally  distribute  d 
on  both  sides  of  "the  membrane,  ana  osmosis  of  water 
will  cea.se   to  l>e  apparent,  since  it  will  be  equal  in 
both  directions. 

iy  explanations  of  the  nature  of  "Miiotir 
pre  sun-  hive  been  brought  forward,  but  none  is 
pecfectly  satisfactory.  Toe  following  simple  cx- 
|il.ni;it ion  la  pi  rliiiji-    tin     besttSJtd  may  be   rend.  >■•  tl 

t  intelligible  by  an  illustration.  Suppose  we 
have  :i  solution  of  sugar  separated  by  ■  scmi-per- 
menhir  mSllimem  from  water;  that  is.  the  mem- 
brane is  permeable  to  water  molecules,  but  not  to 
sugar  molecules.  The  streams  of  water  from  the  two 
BUBS  will  then  be  unequal:  on  one  side  we  have 
water  molecules  striking  against  the  membrane  in 
what  we  may  call  normal  numbers,  while  on  the 
other  side  both  water  molecules  and  sugar  molecules 
are  striking  against  it  On  this  side,  therefore,  the 
sugar  molecules  take  up  a  certain  amount  of  room. 
and  do  not  allow  the  water  molecules  to  get  to  the 
metubr  IDC  :  the  UCCnDNDS  is.  as  it  were,  screened 
against  the  water  by  the  sugar,  therefore  fewer 
water  in  it  get  through  from  tl 

to  the  UDSCteeaed  side  than  trnea 

to  the  Same  thing  Si  saying  that  the  osmotic  stream 
of  water  is  greater  1 1  unscreened  water  side  to 

the  screened  sugar  side  than   it  is  in    the  reverse 
[QOM     sugar     molecules     th.it    are 
present,  the   greater  will    be    their  screening  action. 
and  thus  WS   see  'hit  He  pressure   is  pro- 

I -ortional  to  the   number  of  sugar  molecules  in  the 
solution,  that  is,  to  the  eonrrutralum  of  the  solution. 

Osmotic  pressure  is,  in  fact,  equal  to  that  which 
the  dissolved  substance  would  evert  if  it  occupied  the 


B 
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same  space  in  the  form  of  a  gas  (Viin't  Hoffs  hype* 


Kin.  SU9.— A,  outer  vewj-1,  eon- 
tattling  dlxUlled  water ;  11. 
inner  »<'Uii-p«'rinrab!<i  vwrarl, 
aiulug  1  per  ivmt.  null 
•olutlou ;  II.  mamufSl 
iuaiiguiel«r.  (Afair  Star- 
ling.) 

).     The  nature  of  the  substance  makes  no  diflrcr- 

;     i,  ,iil;,  tin-  nuiniier  of  molecules  whieh  causes  OSDJotie  pressure  to  vary. 

imotk  pressure,  however,  of  substances  like  sodium  chloride,  which  are  elec- 

.-.  is  greater  thun  what  one  would  expect  from  the  number  of  molecules  present. 

i         I      I  in    (iiulei'ules  to  solution  are  split  into  their  constituent  ions,  and 

|  -lays  the  same  j>art  as  a  molecule,  in  questions  of  osmotic  pressure.     In  dilute 

Solutions  of  sodium  Chloride  umi.sat.inu  is  rraire  complete,  ami  as  the  total  number  of 

ions  is  then  nearly  double  the  number  of  original  molecules,  the  osmotic  pressure  is 

nearU  double  what  would  lia\e  been  OBSSUMKI  '1  fioui  the  number  of  molecules. 

The  analogy  between  osmotic  pressure  and  the  pressure  of  gases  Is  very  com- 
plete, as  may  be  seen  from  the  following  statements  : — 

1.  At  a  constant  temperature  osmotic  pressure  is  proportional  bo  the  concentra- 
tion of  the  solution  ( IWIe-Mariotte*!,  law  for  gases). 


2.  With  constant  concentration,  the  osmotic  pHHWC  rf  Bl  frfO   tod  b*  ] > > « > i •■  ■  t 
licMial  to  the  temperature  (Gay  Inw  for  gn 

3.  The  osmotic  pressure  of  a  solution  of  dilTerrnt  substances  is  equal  t<i  the  sum 
of  the  pressures  which  the  individual  substances  would  exert  if  they  were  alone  in 
tin-  solution  (Hcnry-Dnlton  law  for  partial  pressure  of  gases). 

I.  The;  osmotic  iircssiirc  is  independent  of  tin-  nature  of  the  substance  in 
solution,  and  depends  only  on  the  number  of  molecules  or  ions  in  solution 
(Arogadro's  law  for  gases). 

Calculation  of  Osmotic  Pressure. — Wc  may  best  illustrate  this  by  an  example, 
and  to  simplify  matters  we  will  take  an  example  in  the  case  of  a  ft 
like  sugar.     Wc  shall  then  not  have  to  take  into  account  any  electrolytic  dissocia- 
tion Ob  Hie  molecules  into  ion-.     W*  will  suppose  wc  want  to  calculate  the  osmotic 
pressure  of  a  1  percent,  soluti  ne  sugar. 

One  gramme  of  hydrogen  at  atmospheric  pressure  and  0  C*  occupies  I  volume 
of  1119  litres  ;  two  gramme*  of  hydrogen  will  therefore  occupy 
litres.  A  gramme-molecule  o|  hydrogen — that  is,  'i  ****** '""*■  ol  hydrogen— wliu 
brought  to  the  volume  of  I  litre,  will  exert  a  gas  pressure  equal  to  that  of  33*34  litres 
■  "m  pressed  to  1  litre— that  is.  a  pressure  of  32*88  atmospheres.  A  grammc-molc- 
cutar  solution  of  cane  sugar,  since  it  contains  the  same  unrulier  of  •  in  a 

litre,   must  therefore  exert  an  osmotic  pressure  of  22*88   atmospheres   also      A 
gruuiiii.    moll  eular  solution  of  c.uic  sugar  (Clt,KrO|J  contains  MS  u'ramuies  i»l  < 
sugar  in  a  lit  r- .     A  1  per  cent,  solution  of  cane  sugar  contains  only  10  grammes  of 
cane  sugar  in  a  litre  ;  hence  <  -sure  of  a  1  per  cent,  solution  of  cane 

sugar  is  —  -    <   22-3H  atmospheres,  or  065  of  an  atmosphere,  which  in  terms  of  a 

column  of  mercury   a  7"K>   i  0"6'>   -    t9t  nun. 

It  Mould  not  be  possible  to  make  such  I  calculation  in  < lie  ease  of  an  electro- 
lyte, beeaiue  we  iboold  nut  know  how  many  molecules  hud  l>een  ionised.  In  the 
liquids  of  the  body,  both  electrolytes  and  mm  electrolytes  are  present,  and  so  a 
e.-ili'iil.ilion  is  ben  also  impossible. 

We  ha\e  MOO  thnt  fW  such  liquids  the  osmotic  pressure  cannot  be  dire,  th 
measured  by  a   manometer,  because  there  are   DO   perfect  semi -permrable  B 
branes :  we  now  sec  that  mere  arithmetic  often  fails  us;  and  so  we  -SUM  tfl  tlo- 
question  to  which  we  have  been  so  long  leading  up.  viz.,  how  osmotic  pressure  is 
actually  determined. 

Determination  of  Osmotic  Pressure  by  means  of  the  Freezlnjt-poInU — 
This  is  the  method  which  is  almost  BoivenaJl)  employed.  Avery  simple  ap|>aratus 
(IWkmanu's  differential  thermometer)  is  all  that  is  I IU I  JIM  I  IT  The  principle  on 
which  the  method  depeodl  b  the  following :— The  frcciing-point  of  any  substance 
in  solution  in  water  is  lower  than  that  of  water  :  tin  towering  of  the  faming  point 
is  proportional  to  the  molecular  concent r fUo**  of  the  dissolved  substan<-e,  and  that, 
as  m  have  seen,  is  proportional  to  the  USU**jflC  pressure 

When  a  gramme- molecule  of  any  SBbsteaoe  la  dr. solved  in  a  litre  of  water,  the 
freesing-poiut  is  lowered  by  1  "8?  C.  and  the  osmotic  pressure  is.  as  wc  have  seen, 
equal  |0  82*38  atmospheres.  Dial   is,  23*38  I  I  fJOOi  mm.   of  DM  I  eury. 

We  can,  therefore,  calculate  the  osmotic  pressure  of  any  solution  it'  we  know 
the  if  its  freezing-point   in    degrees    Cent i,u rule  ;    the    lowering  of  tlie 

freesing-point  i  ,  usually  expressed  by  the  Greek  letter  X 


tttc  pressure 


r-7 


x   17,008. 


For  example, 
0   1 1 1 ■  •  I : ■  ■    pressure 


I   !    iier  cent,  solution  i<f  sugar  would  freeze  at   -0"QS3   C  ;  its 

-     .i      *  '  W?     ,.,  .  .      .  . 

is  therefore  ...  178   mm.,   u    ntiuilicr  approximately 

equal  to  that  we  obtained  by  Ball  iiUihui 

Mji in nuil inn  blood  serum  giv.  ('.     A  0*9  per  rent,  solution  of  sodium 

•Jiloncl.  lie  tin  sum  a  |  I.-.  W  ■•  serum  andaOi'  ja-r<  cut.  solution  ot  comm 

have  the  same  nsiuolie  pn •ssiire.   Off  are   *»0*O**es,      The  osmotic  pressure  oj 

„    -66*17.008       „„  ,     „     , 

bcrtim  is  r— = ■  lfi».  mm.  of  mercury,  or  i  pre****?*****  of  nearly  7  atmospheres. 


LYMPH   A>TD    LYMPHATIC   GLANDS 


[CH.  XXII. 


Otic  pressure  "I    lOfcationa  BOS.*  :i!so  be  compared  by  observing  their 

or  on  regetablc  ecus  mob  ™s  those  ii>  Trades<.antu<. 

.  has  a   greater  osmotic  pressure  khan  tin-  nil 
ili.    proto]  I  ism    (brinks,  nod  loi  i  a  water,  or  if  red  corpuscles  arc  used, 
Up-   bci   i  ...■•    renated  i  if  the  solution  i  .  has  ■  less  osmotic  pressure 

than  [in-  in'  i  hbi  the  cell  vafli  do  shrinking  of  the  protoplasm  in  the 

vegetable  <  ■•  II  takes  place;  and  if  red  .are  used  thej  swell  and  liberate 

their  pigment,  ttotoni  tolutionsa  like  physiological  salt  solution,  nreduea  ni  ether, 
ofthi  ,  because  br  onoonBtnuoB  nad 

arc  as  the  matcri.il  within  thl    cd   walL 

Phyalologlcal  Applications. —  It  will  at  NX  I  BOW  important   ill  I 

itloni  arc  from  tin-  physiological  itandpolnt.     In  lha  body  ws  h  h  i  eon 

solutions  of  various  substances  lepamtad  from  one  another  by  membranes.  Thus 
Wt  have  i  h :  li-il  walls  ni  the  capillaries  separating  the  blood  from  the  lymph 

web  'ii-  of  the  Iddnej  lobule*  separating  tin  d   ymph 

i  the  in. in  :  we  have  similar  epithenuro  in  all  secretins);  glands:  and  we  hare 

the  wull  nt'  the  .ili 1 1 ii  ni  uy  i  ■  tial  seporatii  od  from  the  blood- vessels 

and  Inet'-.ils.      In  Sttch  Important  problems,  then.  as    Ivinpl  n.  the  fonna- 

HOB  nt'  urine  and  other   excretions  .ii\d  DOCfsHonS,  and   absorption  of  food,  wi    DaTi 

to  take  into  ai'eouni  tin   bws  which  regubte  the  movements  both  of  water  and  o4 

substances  which   ire  held  in  solution  by  the  water,     in  the  botiv  osmosis  is  not  the 

only  force  at  work,   but   we  have  also  to  cimsiilcr  filtration,   thai    is,  the  forcible 

passage  of  materials  through  membranee,  due  to  differences  of  mechanic. d  pressure. 

Further  e. implicating  these  two  processes  v.e  have   to  take  into  account  another 
in  Ik,  the  secretory   01  livity  of  the  living  cells  of  which  the 

DBsmbmsM  omposed-    Thli   I    someUuw  caUad  by  the  name  vilai 

I.  t.iry  and   imseirnti.  -.ion.       The  bwi   ai 

regulate  filtration,  inhibition,  and  OsmO  irly  well  known  and  imii  be  acpsjr|< 

mentally  verified      Hut  we  hare  undoubtedly  •  r  ton  •■.  or  some  other  manl 

fotation  of  force,  in  tin-  living  membranes.     It  probably  is  -rue  ph]     ■  l] 

emical  property  of  living  mutter  which  has  not  yet  Itcen  brought  into  hue  with 
the  known  chemical  and  physical  tones  which  operate  n  tin  Inorganic  world.  We 
cannot  deny  its  ex. is  n  it  sometimes  Operates  so  as  to  neutralise  the  known 

tones  of  osmosis  and  nitration. 

The  more  one  studies  the  aue*Hon  >i(  lymph-formation,  the  mo re  convinced  one 
becomes  that  mere  osmosis  and  filtration  will  not  explain  it  entirely.  The  basis  of 
the  action  b  DO  doubt  but  the  living  cells  do  not  behave  like  the  dead 

membranes  of  I  dialysc  lit  a  Ifilei  live  action,  pit  king  out  some  subsUm  os 

and  passing  them  through  to  the  lymph,  while  they  reject  others. 

i  i, i. .11-  ut  rcnanges  in  the  lungs  is  another  of  n  similar 
kind.  Some  maintain  that  id  I  can,  be  aaplained  by  the  laws  of  ditluMon  of  gases  : 
others  assert  that  the  RcUoD  is  wholly  vital.  Probably  those  arc  most  com  I 
who  admit  a  certain  amount  ol  truth  in  both  views:  the  main  facts  are  explicable 
on    a    physical    bass,    but  there  are  also  some  puxxliiig  data  that    show  that  the 

pulmonary  epithelium  is  able  to  exercise  some  other  force  aj  well  which  intcr- 

ntwtth  the  known  physical  process.     Take  again  the  case  of 

absorption.      The  object  of  digestion  is  to  render  the  food  soluble  and  diffusible  :   il 

ran  hardly  be  supposed  that  this  is  useless;  the  readily  d  wbstances  wdl 

|)ass  more  easily  through  into  the  blood  and  lymph  i  but  still,  as  Wayinouth  It- -<\ 
ins  epithelium  of  the  b  remowad*  absorption  coi 

very  marly  to  i  standstill,  although  from  the  purely  physical  standpoint  removal  of 
the  thick  i-ohimn arcpil helium  would  increase  the  facilities  tor    -smosisnnd  filtration. 
The  osmotic  pre>s i  talloids  Is  very  considerable,  but  their 

reaily  diliusihility  limits  their  influence  on  the  How  of  water  in  Ihe  body.  Thus  if  a 
■bong  solution  of  salt  is  injected  into  the  blood,  the  first  effect  will  be  the  setting 
up  of  an  osmotic  •;  a  the  tissues  to  the  blood.     The  salt,  however,  would 

soon   (iiiiu-i     out    into  the  ti  I   would   now  exert  osmotic  pressure  in  the 

opposite  direction.  Moreover,  both  affects  will  be  but  temporary,  because  excess  of 
•alt  is  soon  got  rid  of  by  the  excreting  organs. 

Osmotic  Pressure  of  Prowlds,— It  has  been  generally  assumed  (hat  profe 
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the  most  abundant  anil  important  constituents  of  the  blood,  BSCrl  little  or  no 
osmotic  pressure.  Starling,  however,  has  claimed  that  they  have  a  sntull  osmotic 
re  :  if  tliis  is  BO,  it  is  of  importance,  for  protcids.  unlike  salt,  do  not  ditl'u.sc 
readily,  and  their  effect  therefore  remains  as  an  almost  permanent  factor  in  the 
blood.     Starling  gives  t"c  osmo  re  of  the  protcid>  or  the  blood -plasma  as 

equal  to  80  mm.  of  IUOIUUJ.  We  should  from  the  Iheorctical  stand|Kiint  find  it 
difficult  to  Imagine  that  a  pure  proteid  can  exert  more  than  a  minimal  osmotic 
pressure.  It  is  made  up  of  such  tinge  molrtmles  that,  even  when  the  prot<'ids  are 
1 1  to  the  extent  of  7  or  8  per  cent,  as  they  arc  in  blood-plasma,  there  are 
comparatively  lew  proteid  molecules  in  solution.  Still,  by  means  of  tbSt  weak  but 
constant  pressure  it  is  possible  to  explain  the  fact  that  an  isotonic  or  even  ■  I 
tonic  solution  of  a  diffusible  crystalloid  may  be  completely  absorbed  from  the 
peritoneal  cavity  into  tlie  Mood. 

The  functional  activity  of  the  tissue  elements  is  accompanied  by  the  breaking 
down  of  their  proteid  constituents  into  such  simple  materials  a*  urea  (and  its 

f.rrciirsors)  sulphates  and  phosphates.  These  materials  pass  into  tlie  lymph,  and 
ncrcase  its  molecular  concentration  and  its  osmotic  pressure;  thus  water  is 
attracted  (to  use  the  older  way  of  putting  it)  from  the  blood  to  tlie  lymph,  mid  so 
the  volume  of  the  lymph  rises  and  its  How  increases.  On  the  other  hand,  as  these 
■tllltaill M  accumulate  in  Uic  lymph  they  will  in  time  attain  ther<  ■  greater  COQCCt 
tration  than  in  the  blood,  mid  so  they  will  ditTu.sc  towards  the  blood,  by  which  they 
•re  carried  to  the  organs  of  excretion. 

Hut.  aur.iin,  we  have  a  difficulty  with  the  pmlculs  ;  they  arc  most  important  Ibf 
the  nutrition  of  the  tissues,  but  they  are  prnclically  indiffusiUe  We  must  pro- 
vision,illy  imm  that  their  presence  in  th  «{ue  to  filtration  from  the  blood. 
The  plasma  in  the  capillaries  is  under  u  somewhat  higher  pressure  than  tlie  h  mpli 
In  the  tissues,  and  this  tends  to  squeeze  the  COOStitm  ofs  of  the  blood,  including 
tin  protcids,  through  the  capillary  walls.  I  hare,  however,  already  indicated  lhat 
the  que  lymph  fuUUOUoO  U  one  of  the  many  physiological  problems  which 
await  solution  by  the  pbYsiologlstI  of  tin  fatBM 

B  Hkwn  and  W  H  Parker  confirm  Starling's  hypotheses  that  colloids  in 
solution  exert  a  until  osmotic  pressure  but  the  direct  method  is  the  only  one 
available  to  determine  it.  the  variations  in  frcciing  or  boiling  point*  arc  too  small. 
It  was  hoped  that  this  pressure  could  be  used  for  determining  the  molecular  weight 
of  colloids  like  protcids,  but  it  is  found  that  in  the  case  of  rabeteacet  of  known 
molecular  weight  such  as  soaps,  the  apparent  molecular  weights  are  from  20  to  60 
times  too  large.  There  must  thus  be  a  physical  union  or  association  of  molecules 
to  form  a  single  osmotic  unit  It  is,  therefore,  possible  that  the  chemical  rro 
of  a  proteid  i  not  BO  large  as  has  been  supposed,  but  its  IMIltil  BsM  is  due  ti>  I 
physical  aggregation  i  molecule*.     Mm. re  doubts  whether  the  diffcrci 

ssurc  arc  sulticiently  great  to  explain  absorption,  lymph  production.  Of 
the  formation  of  urine.      It  thi-.   ,-    ....  the  pAWonyJtMl  factor,  iKe  so  Billed   \iU 
the  cells,  must  be  called  in  to  <\  plain  tin  icna. 

Way  mouth  Heid  finds  that  absolutely  pure  proteids  exert  m>  osmotic  pressure; 
the  pressure  observed  Is  due  to  saline  and  other  materials  from  which  it  is  JitTicult  to 
disentangle  the  proteid. 

Dr  ( ■  .1.  Martin  has  suggested  to  me  a  way  of  illustrating  the  so-called  Bete 
action  of  living  membranes.     Suppose  t  numb,  r    l  I  .wimining  about  in  a 

tank,  like  moving  molecules  or  ions  in  solution;  across  tin-  tank  is  u  wall 
divides  it  into  two  parts;  the  fishes  arc  all  in  one  compartment  of  the  tank. 
Suppose,  next,  the  wall  has  m  it  i  number  of  holes  guarded  by  valves,  so  arranged 
thai  the  fish  can  pass  through  into  the  second  compartment,  tint  csflHOt  return. 
After  a  time,  as  tlie  fish  dJSCOVd  these  botes,  there  will  be  an  eantj  Bttnbei  of  fish 
hi  both  compartments ;  but  tliis  is  not  the  end,  lor  on  vetting  further,  more  fish  will 
find  their  way  through,  and  as  none  are  able  to  return,  they  will  all  in  time  accumu- 
late in  thr  second  compartment.  It  It  not  difficult  to  grasp  the  idea  that  the  arrange- 
ment oi  in..,,  nil, :  in  b.  living  membn  the  orifices  through 
which  other  molecules  pass  are  valvular,  nnd  inch  I  DOncepUon  is  useful  if  it 
merely   serves  to  rob  the  word  "vital"  of  its   mystery. 
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ductless  glands  form  a  heterogeneous  group  of  organs,  most  of 
which  are  related  in  function  or  development  with  the  circulatory 
system.  They  include  the  lymphatic  glands,  the  spleon,  the  thymus, 
the  thyroid,  the  suprarenal  cap-  pineal  body,  the  pitnit. 

body,  and  th  i  coccygeal  glauds.      The  function  of  a  gland 

that  has  a  duct  is  a  comparatively  simple  physiological  problem,  bat 
i  !i  1180  of  ductless  glands  has  long  been  a  puz/Ir  to  ttkVi  ■■.  -ti  j. iters. 
Beoent  ceaearob  has,  however,  shown  that  most  of,  if  not  all,  the 
ductless  glands  do  ho  in  a  secretion,  and  this  internal  secretion,  as  it 
.  the  gland  by  the  venous  blood  or  lymph,  and  thuB 
is  distributed  and  ministers  to  the  needs  of  parts  of  the  body  else- 
where. Many  of  the  glands  which  possess  ducts  and  form  an  external 
secretion,  form  an  internal  secretion  as  well.  Among  these,  the  li\ 
pancreas,  and  kidney  may  lie  mentioned. 

In  many  cases  the  internal  secretion  is  essential  for  life,  and 
removal  of  the  eland  that  Eonnfl  it,  leads  to  a  condition  of  disease 
Culminating  in  death.  In  other  cases  the  internal  secretion  is  not 
essential,  or  its  place  is  taken  by  thai  famed  in  similar  glands  in 
other  parts  of  the  body. 

Tho  body  is  a  complex  machine;  each  part.  of  the  machine  has 

Wtttk  to  do,  hut  must  work  harmoniously  with  other  parta 

Just  as  ,i  w:it,<li  ivill  .-tup  if  any  of  its  numerous  wheels  getbrokrn. 

so  the  metabolic  cycle  will  become  disarranged  or  cease  altogether  1 1 

auv  of  the  links  in  the  chain  break  down. 

In  unravelling  the  part  winch  the  due  tie...  play  in  this 

cycle,  it  is  at  present  impossible  in  many  eases  to  state  precisely 
what  tho  particular  function  of  each  is;  all  one  can  say  is,  when 
i  be  gland  is  renin  red  <>r  its  function  interfered  with,  that  tho  meta- 
bolic, round  is  broken  somehow,  and  that  this  upsets  the  whole  of 
the  machinery  of  the  body.  The  difficulty  of  investigating  this 
subject  is  increased  by  the  fact  that  it  is  impossible  to  get  the 
internal  secretion  in  a  state  of  puritv  and  examine  it ;  it  is  alwavs 
3« 
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il  with   ami  masked  In-,  the  lymph  or  blood  into  which  it  is 
pom 

In  spite  of  this,  however,  our  knowledge  in  this  branch  of 
physiology  is  increasing,  particularly  In  |  rmnootion  with  some  of 
tltese  ductless  glands.  The  methods  of  investigation  which  have 
been  employed  are  the  following : — 

1.  Extirpation, — The  gland  in  question  is  removed,  and  tho 
effect  of  the  absence  of  the  internal  secretion  noted. 

2.  Disease. — In   cases   where  the  function   of   the  gland   is  in 
vance,  owing  to  its   being  diseased,  the  symptoms  are  closely 

observed. 

3.  Injection  of  Extracts. — The  gland  is  taken  in  a  fresh  condition  ; 
an  extract  is  made  of  it,  and  this  is  injected  into  the  circulation 
of  healthy  animals,  and  into  that  of  those  animals  from  which  tho 
gland  has  been  previously  removed,  and  the  effects  watched. 

4.  Transplantation. — After  the  gland  is  removed  and  tho  usual 
effect  produced,  the  same  gland  from  another  animal  is  transplanted 
into  the  first  animal,  and  restoration  of  function  looked  for. 

The  case  of  the  lymphatic  glands  we  have  already  studied ;  they 
form  an  internal  secretion  which  consists  of  lymph-cells,  and  these 
furnish  the  blood  with  its  most  important  supply  of  colourless 
corpuscles.  Removal  of  lymphatic  glands  is  not  fatal,  as  tho  other 
lymphatic  glands  and  other  oolleotiana  of  lymphoid  tissue  that  remain 
behind  carry  on  tho  work  of  those  that  are  removed. 

The  internal  accretion  theory  of  the  ductless  glands  is  that  which  u  mo«t  in 
vogue  lit  present.  It  should  be  mentioned,  however,  that  there  is  another  theory, 
which  m»y  be  called  the  auto-intoxiration  theory.  According  to  this  view  the  gland 
is  excretory  [i.e..  gets  rid  of  waste  and  harmful  materials)  rather  thau  secretory  (i.*.. 
production  of  something  useful  to  the  organism).  When  the  glud  is  removed, 
the  waste  products  therefore  ac<  unjul  itc  tad  produce  bound  result*.  It  i* 
possible  that  us  our  knowledge  increases,  it  may  be  found  in  certain  cases  that 
both  these  theories  may  be  in  part  true. 


The  Spleen. 

The  Spleen  is  tho  largest  of  the  ductless  glands;  it  is  minuted 
bo  thf  left  of  tho  stomach,  between  it  and  the  diaphragm.  It  is  of 
a  deep  red  colour  and  of  variable  shape.  Vessels  enter  and  leave 
the  gland  at  a  depression  on  the  inner  side  called  the  hilvs.  The 
spleen  is  covered  externally  almost  completely  by  a  serous  coat 
derived  from  the  peritoneum,  while  within  this  is  tho  proper  fibrous 
coat  or  capsule  of  the  organ.  The  latter  is  composed  of  connective- 
tissue,  with  a  large  preponderance  of  elastic  fibres  and  a  certain  pro- 
portion of  unslriated  muscular  tissua  Prolonged  from  its  inner 
surface  are  fibrous  processes  or  trabecules,  containing  much  unstriated 
muscle,  which  enter  the  interior  of  the  organ,  and,  dividing  and 
anastomosing  in  all   parts,  form  a  supporting   framework   in   the 
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interstices  of  which  the  proper  substance  of  the  spleen  {apUtn-pulp) 
is  contained. 

At  the  hilus  of  the  spleen,  the  blood-vessels,  nerves,  and  lym- 
phatics enter  or  leave,  ami  the  fibrous  coat  is  prolonged  into  the 
spleen  substance  in  tho  form  of  investing  sheaths  for  the  arteries 
and  veins,  which  sheaths  again  are  continuous  with  tho  trabecular 
before  referred  to. 

The  spUen-pulp,  which  is  of  a  dark  red  or  reddish-brown  colour, 


Pin.  909. — JWtion  of  injrcted  dog'a  *nl»*n.     c,  capnule;  U,  trabecule  ;  m,  two  Mulpiglilui  belie*  wltli 

num-Tou*  mtmll  atvrWand  e»plll»rW«»;  a,  artnry  ;  I.  lymphoid  tiwuo,  conabttiitc  of  cl«tRly-]*okMi 

i  ..  tj  -  (Mk-atr  i  .- ;  »  hglit  »p*w  urvnwi  ■  I  U  Mil 

•U  loxtwi  the  trstocuhe,  which  correspond*  to  Um  "  Iv  miiti -p*tli "  iu  I)  mph»tlc  gland*.    (ScliuU»ld.) 

ih  composed  Dhiafly  of  colls,  imbedded  in  a  network  formed  of  fibres, 
and  1 1 1*?  branchings  of  large  nucleated  cells.  The  network  so  formed 
is  thus  very  like  a  coarse  kind  of  retiform  tissue.  The  spaces  of 
this  network  are  only  partially  occupied  by  cells  and  form  a  freely 
communicating  system.  Of  the  cells  some  are  granular  corpuscles 
resembling  the  lymph-corpuscles,  both  in  general  appearance  and  in 
being  able  to  perform  ainceboid  movements;  others  are  red  blood- 
'•"ij.uscles  of  normal  appearaijee  or  variously  changed;  while  there 
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are  aIbo  large  cells  containing  either  a  pigment  allied  to  ttu  colouring 
matter  of  m  blood)  or  rounded  corpuso.los  like  red  corpuscles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface, 
dividos  and  subdivides,  with  but  little  anastomosis  between  its 
branches;  at  the  same  time  its  branches  are  sheathe  pro- 

longations of   the  tibruiis  coal  they,  so  to  speak,  carry  into 

the  spleen  with  tli-rn.  Tl. i  ;n  lories  scon  leave  the  trabeculae,  and 
their  outer  coat  is  then  replaced  by  one  of  lymphoid  tissue,  they 
Mini  in  in  open  brush-work  of  capillaries,  the  endothelial  cells  of 
wliirh  become  continuous  villi  those  of  the  rets  of  the  spleen-pulp. 
The  veins  begin  by  a  similar  open  set  of  capillaries  from  the  largo 
blood  spaces  of  the  pulp.  The  veins  soon  pass  into  tin  in  I 
and  ultimately  unite  to  furm  the  splenic  vein.  This  arrangement 
readily  allows  lymphoid  and  other  corpuscles 
ti,  be  BWeptl  into  the  blood-current. 

On  the  face  of  a  section  of  the  spleen  can 
be   usually  seen    readily  with    the   naked  eye, 
minute,  scattered,   rounded    or    oval    wl 
spots,  mostly  from  .,'«  to  A  inch  (S  to  '{  nun.) 
in  diameter.     These  are  the   Malpighian  cor- 
puscles of  the  spleen,  and  are  situated  on  the 
Bhoaths  of  the  minuto  splenic  arteries.     They 
are  in  fact  outgrowths   of  the  outer  ooa 
lymphoid  tissue  just  refen-«l  to  (see  fig.  309). 
Blood  capillaries  traverse  the  Malpighian  cor- 
puscles and  form   a   plexus  in   their  interior. 
The  structure  of  a  Malpighian  corpuscle  of  the  spleen  is  practically 
identical  with  that  of  a  lymphoid  nodule. 

The  spleen  has  the  following  functions : — 

(1.)  The  spleen,  like  the  lymphatic  glands,  is  ongaged  in  thi 
formation  of  colourless  blood-corpuscles.  For  it  is  quite  certain,  that 
the  blood  of  the  Bplonk  vain  contains  an  unusually  large  proportion 
of  white  corpuscles;  and  in  the  disease  termed  leucocitthctmia,  in 
whiofa  the  white  corpuscles  of  tho  blood  are  remarkably  increased  in 
number,  there  is  found  a  hypertrophied  condition  of  the  spleen, 
especially  of  the  Malpighian  corpuscles.  The  white  corpuscles 
formed  in  the  spleen  also  doubtless  partly  leave  that  organ  by 
lymphatic  vessels. 

By   stniitil:  he  sploon   to  contract   in  a  case  of   (plonk 

leucocytha-rnia  by  means  of  an  electric  current  applied  over  it  through 
the  skin,  the  number  of  leucocytes  in  the  blood  is  almost  immediately 
increased. 

Kerr.oval  of  the  spleen  is  not  fatal ;  but  after  its  removal  there  is 
an  overgrowth  of  the  lymphatic  glands  to  make  up  for  its  absence. 

(2.)  It  forms  coloured  corpuscles,  at  any  rate,  in  some  animals ;  itt 
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t  hose  animals,  cills  are  found  in  (ho  spleen  similar  to  those  we  have 
described  in  rod  marrow,  and  called  hcemalohla&ts.  In  those  animals, 
if  the  spleen  is  removed,  the  ted  ninrnw  hypertrophies. 

(3.)  There  is  reason  to  believe  that  in  the  spleen  many  of  the  red 
corpuscles  of  the  blood,  those  probably  which  have  discharged  their 
office  and  are  worn  out,  undergo  disintegration ;  for  in  the  coloured 
portions  of  the  spleen-pulp  an  abundance  of  such  ooxpusolM,  tB  van 
stages  of  degeneration,  are  found,  ami  in  those  cases  of  disease  is 
which  the  dtftmotUfl  of  bliN.id-rorpuscIes  irf  incnvisnl  (pnniiciuii.s 
anaemia)  iron  accumtd.'itr.s  in  1  ho  spleen  as  in  the  liver.  It  was 
formerly  roppooad  that  the  spit-en  broke  down  the  corpuscles  and 
liberated  Inemoglobin,  which,  passing  in  the  blood  of  the  splenic  vein 
to  the  livor,  was  discharged  by  that  organ  as  bile-pigment.  But  this 
is  not  the  case;  the  disintegration  does  not  proceed  so  far  as  to 
actually  li  bora  to  haemoglobin;  there  is  no  free  haemoglobin  in  the 
blood-plasma  of  (ho  Hjibuiic  vein. 

(4.)  From  the  almost  constant  presence  of   uric  acid,  in   fau 
quantities  than  in  other  organs,  as  well  as  of  the  nitrogenous  bodies, 
xanthine  and  hypoxanthine,  in  the  spleen,  some  share  in  nitrogenous 
metabolism  may  be  fairly  inferred  to  occur  in  it. 

(5.)  Besides  these  direct  offices,  the  spleen  fulfils  some  purpose 
in  regard  to  the  portal  circulation  with  which  it  is  in  close  connec- 
tion.    From  the  readiness  with  which  it.  admits  of  befog  distended, 
and  I'mm  the  fact  that  it  is  generally  small  while  gastric  digestion  is 
going  on,  and  enlarges  when  that  act  is  concluded,  it  is  supposed  to 
act  as  a    kind  of  vascular  reservoir,  or  diverticulum   i<>  li 
system,  or  more  particularly  to  the  vessels  of  the  stomach.     That  it 
may  serve  such  purpose  is  also  made  probable  by  tho  enlargement 
which   it   undergoes   in  certain  affections  of   the   heart  and  li 
attended  with  obstruction  to  tho  passage  of  blood  through  the  latter 
organ,  and  by  its  diminution  when  the  congestion  of  the  portal  system 
is  relieved  by  discharges  from  the  bowels,  or  by  the  effusion  of  blood 
into  the   stomach.     This   mechanical    influence   on    the   circulation 
however,  can  hardly  be  supposed  to  be  more  than  a  very  subordinate 
function. 

Influence  of  the  Nervous  System  upon  the  Spleen. — When  the 
spleen  is  enlarged  after  digestion,  its  enlargement  is  due  to  two 
causes:  (I)  a  relaxation  of  the  muscular  tissue  which  forms  so  large 
a  part  of  its  framework ;  (2)  a  dilatation  of  the  vessels.  Both  those 
phenomena  are  under  control  of  tho  nervous  system.  It  has  been 
found  by  experiment  that  when  the  splenic  nerves  are  cut  the  spleen 
enlarges,  and  that  contraction  can  be  brought  about  by  stimulation  of 
the  peripheral  ends  of  the  divided  nerves.  If  the  splenic  nerves  are 
not  cut,  contraction  is  produced  by  (1)  stimulation  of  the  spinal 
cord ;  (2)  renoxly  by  stimulation  of  the  central  stumps  of  certain 
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divided  nerves,  t.g.,  vagus  and  sciatic ;  (3)  by  local  stimulation  by  an 
electric  current;  (4)  by  the  administration  of  quinine  and  some  other 
drugs. 

It  has  boon  Bhown  by  tho  oncometer  (see  p.  308)  that  tho  sploen 
undergoes  rhythmical  contractions  and  dilatations,  due  to  the  con- 
traction and  relaxation  of  the  muscular  tissue  in  its  capsule  and 
trabeculffi.  A  tracing  also  shows  waves  due  to  the  rhythmical  alter- 
ations of  the  general  blood-pressure.  Fig.  311  is  a  typical  tracing 
obtained  by  Scnfifer's  air  oncometer  from  a  dog's  spleen. 

It  shows,  first,  the  large  waves  occurring  about  once  a  minute, 
duo  to  the  splenic  systole  and  diastole;  secondly,  smaller  waves  on 
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this,  due  to  the  effect  of  respiration  on  the  blood-pressure;  and  on 
those,  smaller  waves  still,  corresponding  with  the  individual  heart- 
beats. The  large  waves  due  to  the  splenic  contractility  still  go  on 
after  the  division  of  all  the  splenic  nerves.  These  nerve-fibres  leave 
the  spinal  cord  in  numerous  thoracic  anterior  roots;  they  have  cell 
stations  in  the  sy  lie  chain  (Schafer)  or  semi-lunar  ganglia 

(Langloy). 

Hcemolymph  Glands. 

The  existence  of  glands  which  partake  of  the  nature  of  the  spleen, 
and  of  lymphatic  glands,  lias  long  been  known.  They  have  been 
recently  more  fully  investigated  by  T.  Lewis.  He  finds  them  in 
most  mammals,  and  they  can  be  readily  distinguished  from  on; 


• 


lymphatic  glands  by  their  rod  colour.  He  divides  them  into  (1)  hamal 
plands,  which  are  characterised  by  the  fact  that  the  sinuses  contain 
blood  uiily.  The  spleen  is  in  fact  a  large  haemal  gland;  and  (2) 
hcemal  lymphatic  glamk.  in  which  (1m  sinuses  are  filled  by  a  mixture 
nf  blood  and  lymph. 


The  Thymus. 

This  gland  is  a  temporary  organ ;  it  attains  its  greatest  size  early 
after  birth,  and  after  tho  second  year  gradually  diminishes,  until  in 
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adult   life  hardly  a  vestige   remains.     At    its  greatest  development 

is  a  long  narrow  body,  situated  in  the  front  of  the  chest  behind 

the  sternum  and  partly  in  the  lower  put  of  she  nook.     It  is  of  a 

reddish   or  greyish   colour,   and   is  distinctly 

lobuiated. 

Tho  gland  is  surrounded  by  a  fibrous  cap- 
sule, which  sends  in  processes,  forming  trabe- 
cule, that  divide  the  gland  into  lobes,  and 
carry  the  blow  I-  and  lymph- vessels.  Tho  large 
trabecule  branch  into  small  ones,  which  divide 
the  lobes  into  lobules.  The  lobules  are  further 
ivided  into  follicles  by  fine  connective- 
tissue.  A  follicle  is  polyhedral  in  shape,  and 
■  insists  of  cortical  and  medullary  portions, 
both  of  whiih  are  composed  of  adenoid  or 
lymphoid  tissue,  but  in  the  medullary  portion 
the  matrix  is  coarser,  and  is  not  so  filled  up  with  lymphoid  cor- 
puscles as  in  the  cortex.  Scattered  in  the  lymphoid  tissue  of  the 
medulla  are   the  concentrie  corpuscles  of  Ha&sall  (fig.  313),  which 
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consist  of  a  nucleated  granular  centre,  surrounded  by  flattened 
nucleated  epithelial  cells.  These  are  islands  of  epithelial  cells  cut  off 
from  the  epithelium  of  the  pharynx  in  process  of  development.  They 
are  not  occluded  blood-vessels,  as  was  at  one  time  supposed.  They 
remind  one  somewhat  of  the  epithelial  nests  seen  in  some  varieties  of 
cancer. 

The  arteries  radiato  from  the  centre  of  the  gland.  Lymph  sinuses 
may  bo  soon  occasionally  surrounding  the  periphery  of  the  follicles 
(Klein).     The  nerves  are  very  minuto. 

From  the  thymus  various  substances  may  be  extracted,  many  of 
them  similar  to  those  obtained  from  the  spleen,  e.g.,  xanthine,  hypo- 
xan thine,  adenine,  and  leucine. 

The  main  constituent  of  the  cells  is  proteid,  and  especially  nuclec- 
proteid.  Indeed,  the  thymus  is  usually  employed  as  the  source  of 
nucleo-proU-nl  when  one  wishes  to  inject  that  substance  into  the 
blood-vessels  of  an  animal  to  produco  experimentally  intravascular 
dotting-     It  is,  however,  not  characteristic  of   the   thymus,  but   is 

i' I  in  all  protoplasm.     The  method  of  pn ■•  juration  will  \y&  given 

r  (see  Coa.Mil.it  ion  of  I'IihmI). 

The  thymus  takes  part  in  producing  the  colourless  corpuscles  like 
i it  her  varieties  of  lymphoid  tissue.  In  hi bernating  animals  it  exists 
throughout  life,  and  as  each  successive  period  of  hibernation  approaches 
it  greatly  enlarges  and  becomes  laden  with  fat.  Hence  it  appears  to 
serve  for  the  storing-up  of  materials  which,  being  reabsorbed  during 
the  inactivity  of  tlte  hil»  period,  may  maintain  the  respiration 

and  the  tempoftton  of  the  booj  in  the  rod  need  state  to  which  they 
fall  during  that  time.  Some  observers  state  that  it.  is  also  a  sourco 
of  the  red  blood-corpuRcles,  at  any  rate,  in  early  lifa 

noval  of  the  thymus  in  the  frog  (in  which  animal  it  persists 
throughout  life)  produces  muscular  wea  i  iralysis,  and  finally 

death.  Intravenous  injection  of  extracts  of  thymus  lowers  blood- 
pressure,  though  the  heart  may  be  somewhat  accelerated. 

The  Thyroid. 

The  thyroid  gland  is  situated  in  the  nock.  It  consists  of  two 
lobes,  one  on  each  side  of  the  trachea,  extending  upwards  to  the 
thyiaid  cartilage,  covering  its  inferior  cornu  and  part  of  its  body ; 
these  lobes  are  connected  across  tho  middle  line  by  a  middle  lobe 
or  isthmus.  It  is  highly  vascular,  and  varies  in  size  in  different 
individuals. 

Tho  gland  is  encased  in  a  capsule  of  dense  areolar  tissue.  This 
sends  in  strong  fibrous  trabecule,  which  enclose  the  thyroid  vesicles — 
which  are  rounded  or  oblong  irregular  sacs,  consisting  of  a  wall  of 
thin  hyaline  morabrano  lined  by  a  single  layor  of  short  cylindrical 


336 


THE   DUCTLESS   GLAXD8 


.s.MI  I. 


or  cubical  cells.  These  vesicles  are  filled  with  transparent  colloid 
nucleo-albuminous  material  The  colloid  substance  increases  with 
age,  and  the  cavities  appear  to  coalesce.  In  the  interstitial  con  hoc - 
tivo-tissue  is  a  round  mashed  capillary  plexus,  and  a  large  number  of 
lymphatics.     Tho  nervos  adhere  closely  to  the  vessels. 

In  tho  vesicles  thero  are,  in  addition  to  the  yollowish  glassy  oolloid 
material,  epithelium  cells,  colourless  blood -corpuscles,  and  also  coloured 
corpuscles  undergoing  disintegration. 

It  is  difficult  to  Btate  definitely  the  function  of  the  thyroid  body ; 
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it  is  ono  of  those  organs  of  groat  importance  in  the  metabolic  round ; 
and  its  removal  or  disease  is  followod  by  gonoral  disturbances.  It  no 
doubt  forms  an  internal  secretion;  to  this  the  colloid  material  men- 
tioned contributes,  as  it  is  found  in  tho  lymphatic  vessels  of  the 
organ. 

When  the  gland  is  diseased  in  children  and  its  function  obliterated, 
a  spocios  of  idiocy  is  produced  called  cretinism. 

The  same  condition  in  adults  is  called  myxadema;  the  most 
marked  symptoms  of  this  condition  are  slowness,  both  of  body  and 
mind,  usually  associated  with  tremors  and  twitchings.  Thero  iB  also 
a  peculiar  condition  of  tho  skin  loading  to  tho  overgrowth    of    the 


CH.  BE] 


THE    PARATHYROIDS 


:::;: 


cutaneous  tissues,  which  in  time  is  replaced  by  fat ;  the  hair  falls 
off,  the  hands  become  spade-like;  the  whole  body  is  unwieldy  and 
clumsy  like  the  mind 

A  similar  condition  occurs  after  the  thyroid  is  completely  rem- 
surgically ;  this  is  called  cachexia  strumipriva;  this  operation,  which 
was  performed  previous  tC  our  knowledge  of  the  importance  of  the 
thyroid,  is  not  regarded  as  justifiable  nowadays. 

Lastly,  in  many  animals  removal  of  the  thyroid  produces  analogous 
symptoms,  in  the  overgrowth  of  the  connective-tissues  especially 
under  the  skin,  and  in  the  nervous  symptoms  (twitchings,  convul- 
sions, etc.). 

The  term  Myxedema  was  originally  given  under  tho  erroneous 
idea  that  the  swelling  of  tho  body  is  duo  to  mucin.  In  tho  early 
stages  of  tho  disease  thoro  is  a  slight  increase  of  mucin,  because 
all  now  connectivo-tissuea  contain  a  relatively  large  amount  of  ground 
substance,  the  most  abundant  constituent  of  which,  next  to  water, 
is  mucin.     But  there  is  nothing  characteristic  about  that. 

The  discovery  of  the  relationships  between  the  thyroid  and  these 
narbid  conditions  ii  especially  interesting,  because  impel  tent  praci  :■ 
results  in  their  treatment  have  followed  close  on  the  hoels  of  experi- 
mental investigation.  The  missing  intend  secretion  of  the  thyroid 
may  be  replaced  in  these  animals  and  patients  by  grafting  the  thyroid 
of  another  animal  into  the  abdomen;  or  more  simply  by  injecting 
thyroid  extract  suboutaneously ;  or  even  by  feeding  on  the  thyroid 
of  other  animals.  This  treatment,  which  has  to  be  kept  up  for  tho 
rest  of  the  patient's  life,  is  entirely  successful  Chemical  physiologists 
have  been  diligently  searching  to  try  and  discover  what  the  active 
material  in  thyroid  extract  is  which  produces  such  marvellous  results  j 
the  view  at  present  liolil  is  that  tho  efficacy  of  thyroid  extract  is  due 
to  a  substance  which  Baumann  separated  from  the  gland,  and  which 
stands  almost  unique  among  physiological  compounds  by  containing 
a  large  percentage  of  iodine  in  its  molecule.  Thyro-iodin  or  lodo- 
thyrin,  as  this  e  baa  bean  called,  is  present  in  combination 

with  proteid  matter  in  the  colloid  substance. 

Intravenous  injection  of  thyroid  extract  in  a  normal  animal 
lowers  blood  -pressure ;  but  in  an  animal  from  which  the  thyroid  has 
been  removed  it  stimulates  the  heart  and  raises  blood -pressure. 

Parathyroids. 

Thoso  aro  small  bodies,  usually  four  in  number,  situated  in  the 
neighbourhood  of,  or  embedded  in  the  substance  of,  the  thyroid.  They 
are  made  up  of  elongated  groups  of  polyhedral  cells,  bound  together 
by  connectivc-tissuo  and  well  supplied  with  blood-vessels.  Somo 
observers  look  apes  those  as  being  even  more  essential  to  healthy 
life  tlian  the  thyroid,  but  this  point  is  by  1:0  mums  decided. 
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The  general  idea,  however,  that  prevails  is  that  the  thyroid 
Bap  plies  something  which  is  a  stimulator  of  metabolic  processes,  and 
that  the  action  on  the  nervous  system  is  more  especially  the  work  of 
the  parathyroids. 

The  Supra-renal  Capsules. 

These  are  two  triangular  or  QOGked-hat-ehaped  bodies,  each  resting 
by  Eta  -i  rdei  upon  the  upper  border  of  the  kidney. 

a  gland  is  surrounded  by  an  outer  sheath  of  connective-tissue, 
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iemda  in  fine  prolongations  bhe  Eranaework  of  thegluml. 

Ihe  gland  tissue  proper  consists  of  so  outside  firmer  oortiea]  portion 
and  -in  inside  Bofij  dark  medullary  portion. 

(1.)  The  cortical  portion  is  divided  into  (fig.  315)  columnar  groups 
of  cells  (zonafascieidata).  Immediately  under  the  capsule,  however, 
the  groups  aro  more  rounded  {zona  glomcrulosa),  while  next  to  the 
modulla  they  have  a  reticular  arrangement  {zona  reticularis).  The 
cells  themselves  an  polyhedral,  each  with  a  (dear  round  nanbua,  and 
often  with  oil  globules  in  t  licit-  protoplasm.  The  blood-vessels  run  in 
the  fibrous  sopta  between  the  columns,  but  do  not  penetrate  between 
the  cells. 

(2.)  The  medullary  substance  consists  of  a  coarse  rounded  or 
irregular  meshwork  of  fibrous  tissue,  in  the  alveoli  of  which  are 
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masses   of    multinucleated  protoplaMn  (fig,    316);    numerous    I 
vessels;  and  an  abundance  of  nerve-fibres  and  cells.     The  cells  are 
very  irregular  in  shape  and  size,  poor  in  fat,  and  often  branched;  the 

nerves  run  through  the  001  inOB,and  anastomose  over  the 

medullary  po 

The  cells  of  tho  medulla  are  characterised  by  the  presence  i»f 
certain  reducing  substances.  One  of  these  takes  a  blown  stein  with 
chromic  acid,  and  gives  other  colour  reactions;  it  is,  therefore,  called 
a  chromogen.  Another  is  similar  in  many  of  its  rharactera  to  jeoorin,  a 
lecithin-like  substance  also  found  in  the  liver,  spleen,  am  I  other  organs. 

The  immense  importance  of  the  supra-renal  bodies  was  first  in- 
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dicated  by  Addison,  who,  in  1855,  pointed  Out  that  the  disease 
known  by  his  name  is  associated  with  pathologicalah.iM.il  ions  of  those 
glands.  This  was  tested  experimentally  by  Brown-Soqnard,  who 
found  a  few  years  later  that  removal  of  the  supra -renal  s  in  animals  is 
invariably  and  rapidly  fatal.  Tlie  symptoms  are  practically  the 
same  (although  more  acute)  as  those  of  Addtiaonfa  disease,  namely, 
groat  sraeonlaz  I  ••akness,  loss  of  vascular  tone,  and  nervou 
tion.  The  pigmentation  (bronzing)  of  the  skin,  however,  which  is  a 
marked  symptom  in  Addison's  disease,  is  not  seen  .da.     The 

experiments  of  ISrown-Soquard  attracted  much  attantiou  at  the  tilhB 
they  were  performed,  but  were  almost  forgotten  until  ijaite  recently, 
when  they  were  confirmed  by  Abelous,  Langlois,  Schafer,  and  ol 
Tho  effects  on  the  muscular  system  are  the  most  mark-  •■!:■■■ 
after  removal  of  the  capsules  and  after  injection  of  an  extract  of  the 
glands.     The  effect  of  injecting  inch  SO  extruct  on  the  voluntary 
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muscles  is  to  increase  their  tone,  so  that  a  tracing  obtained  from  them 

resembles  that  produced  by  a  small  doso  of  veratrine,  namely,  a  pro- 

period  i  ition.    The  effect  on  involus 

is  equally  marked;  there  is  an  enormous  rise  of  arterial  blood- 

pressuii:iluu  chiefly  to  ft  oontraotion  of  the  arterioles.     This  is  produced 

by  the  direct  action  of  the  extract  on  the  muscular  tissue  of  the 

arterioles,  not  an  indirect  one  through  the  vaso-motor  centre.*     The 

•  substance  in  the  extract  that  produces  the  effect  is  known  as 

adrenaline;  it  is  the  reducing  substance  alluded  to  above  which  is 

confined  b  >   'lie  capsules,  and  is  absent  in  cases  of 

■  Hi's  disease. 

The  capsules,  therefore,  form  something  which  is  distributed  to 

the  muscles  and  is  essential  for  their  normal  tone ;  when  they  are 

removed  or  diseased  the  poisonous  effects  seen  are  the  result  of  the 

absence  of  this  internal  secretion. 

Adrenaline  has  received  various  names  from  the  different  chemists  (Abel,  v. 
I'urth.  TiL-uiiiiii;.  etc.).  crbo  have  isolated  it.  It  is  very  powerful:  solutions  of  one 
part  in  ■  million  will  produce •  plr  J  effects      Its  composition  is  shown  by  the 

following  formula:  — 

OH 


0 


OH 


CH.(OH).CH..NH.CH, 

tod  il  la  therefore  a  matiu  1. unino  derivation  of  catechol  (Paul  v.  Jowett). 


Recently 


ana  it  is  therefore  ■  melln  I-.iiiniio  derivation  of  catechol  (t'auly.  .lowctt).  Recently 
compounds  closeh  "Hied  to  It  have  been  made  synthetically  (Stolz,  Friedraann, 
Dakin). 

Wliothor  this  discovery  will  lead  to  the  same  kind  of  results,  as 
in  the  case  of  the  thyroid,  must  lie  left  to  the  future  to  decide. 
There  is  already  some  evidence  to  show  that  injection  of  supra-renal 
extract  is  beneficial  in  cases  of  Addison's  disease.  The  discovory  of 
adrenaline  itself  is,  however,  one  of  immense  practical  importance. 
Its  action  on  the  small  blood-vessels  is  so  powerful  that  quite  weak 
solutions  applied  locally  will  arrest  haemorrhage. 

Tin 'iv    .V    .  nun-  points  of  interest  in  tho  development  and  com- 

purati .     i  1 1     ;    .  :v  of  the  supra-rcnals.     In  mammals  the  medullary 

developed  in  eonneotioxi  with  the  sympathetic,  and  is  at 

i  t   distinct  and  outside  the  cortical  portion  which  is  dovelopod  in 

connection  with  the  upper  part  of  the  Wolffian  b 

uitcs   itself   witlim  the  cortex  (Mitsukiri).     In  Elasmobnm T 

fishes  tho  supra-ronals  consist  throughout  life  of  separate  portions; 

\\r  intii-ivii.il  body,  is  mediae  in  position  and  single;  thiseorre- 

.spuLids  to  the  cortex  of  the  mammalian  supra-renal;  extracts  of  this 

ace  inactive,  l •  i < I  in  the  Teleostean  fishes,  where  it  is  the  sole  repre- 

'  Allh  ni^'li  musiiiliir  tis-ue  is  -.poken  of  in  tin-  above  description,  BrodlcV  work 
bows  th.it  it  is  the  sympathetic  nerve  terminals  which  arc  really  affected. 


PITUITARY    AND    PINEAL  GLASuS 


341 


sentative  of  the  supra-renal,  it  may  be  removed  without  any  harm  to 
the  animal.    Tho  other  p  tho  Elasmobranch  supra-rei 

paired,  and  derived  i>om  the  sympathetic  ganglia.     This  corresponds 
Co  tho  medulla;  it  contains  tho  same  chri  u  the  medulla  of 

the  mammalian  Bapra-renal,  ;md  extracts  of  it  have  the  same  physio- 
logical action  (S.  Vim 

The  Pituitary  Body. 

This  body  is  a  small  reddish-grey  mass,  occupying  the  sella 
turcica  of  the  sphenoid  bone.  It  consists  of  two  lobes — a  small 
posterior  oue,  and  au  auterior  larger  one,  somewhat  rosemblin 
thyroid  in  structure.  The  anterior  lobe  is  developed  as  a  fcuouLu 
prolongation  from  the  epi  blast  of  the  buccal  cavity.  The  growth  of 
intervening  tissue  soon  cuts  off  all  connection  with  the  mouth.  She 
alveoli  are  approximately  spherical ;  they  are  filled  with  nucleated 
cells  of  various  sizes  and  shapes  not  unlike  ganglion  cells,  collected 
together  into  rounded  masses,  filling  the  vesicles,  and  contained  in  a 
colloid  substance.  The  vesicles  are  enclosed  by  connective- tissue, 
rich  in  capillaries.  The  posterior  lobo  is  developed  from  the  floor  of 
the  third  ventricle;  it  consists  mainly  of  vascular  connective  tissue, 
mil  i ncludes  masses  of  epithelial  cells.  In  theadidt  it  contains  no 
distinct  nerve-cells,  but  it  receives  nerve-fibres  which  originate  in 
the  grey  matter  behind  the  optic  chiasms* 

Disease  of  the  pituitary  body  produces  the  condition  called 
acromegaly,  in  which  the  bones  of  limbs  and  face  hypertrophy. 
When  the  gland  is  removed  in  animals,  tremors  and  spasms  occur 
like  those  which  take  place  after  removal  of  the  thyroid.  Death 
usually  occurs  within  fourteen  days.  Some  observers  have  stated 
that  overgrowth  of  the  pituitary  occurs  after  excision  of  tho  thyroid. 
But  there  is  no  ground  for  the  assumption  that  the  two  glands  ba>i  • 
a  similar  function.  Acromegaly  is  a  very  different  disease  from 
myxoedema.  The  injection  of  extracts  of  the  organs  are  also  different. 
Thyroid  extract  produces  a  fall  of  arterial  pressure.  Extracts  of  the 
anterior  lobe  of  the  pituitary  body  are  inactive;  but  ox  tracts  of  the 
posterior  lobe  or  infundibular  Inxly  contain  two  active  substances, 
one  of  which  produces  a  rise,  and  the  other  a  fall  of  blood-pressure. 
A  second  dose  of  the  former  of  these  injected  soon  after  the  first  dose 
is  inactive ;  and  so  it  is  not  the  same  thing  as  in  supra-renal  extract. 
The  chemical  nature  of  the  two  substances  is  not  known.  Pifcni 
extracts  when  injected  into  the  blood  also  produce  diuresis  (Schiiferj. 
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quadrigemina.  It  is  composed  of  tubes  and  saccules  lined  and  some- 
times filled  with  epithelial  cells,  and  containing  deposits  of  earthy 
salts  (brain  sand).  These  are  separated  by  vascular  connective  tissue. 
A  few  small  atrophied  nerve-cells  without  axons  are  also  seen. 

In  certain  lizards,  such  as  Hatteria,  the  pineal  gland  is  better 
developed  and  is  connected  by  nerve-fibres  to  a  rudimentary  third 
eye  situated  centrally  on  the  upper  surface  of  the  head,  but  covered 
by  skin. 

The  Coccygeal  and  Carotid  Glands. 

These  so-called  glands  are  situated,  the  one  in  front  of  the  tip  of 
the  coccyx  and  the  other  at  the  point  of  bifurcation  of  the  common 
carotid  artery  on  each  side.  They  are  made  up  of  a  plexus  of  small 
arteries,  and  are  enclosed  and  supported  by  a  capsule  of  fibrous  tissue 
They  contain  also  polyhedral  cells  collected  into  spheroidal  clumps 
(carotid  gland)  or  irregular  nodules  (coccygeal  gland).  Some  of  the 
cells  of  the  carotid  gland  stain  brown  with  chromic  acid  like  those  of 
the  supra-renal  medulla. 
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iik  respiratory  apparatus  consists  of  the  lungs  and  of  the  air-passages 
which  lead  to  them.  In  marine  animals  the  gills  fulfil  the  same 
functions  as  the  lungs  of  air-breathing  animals.  The  muscles  which 
move  the  thorax  and  the  nerves  that  supply  thom  must  also  be  in 
eluded  under  the  general  heading  Respiratory  System ;  and,  using 
this  expression  in  tbo  widest  sense,  it  includes  practically  all  the 
tissues  of  the  body,  since  they  are  all  concerned  in  tho  using  up  of 
oxygon  and  the  production  of  waste  matorials,  like  carbonic  acH 

Essentially  a  lung  or  gill  is  constructed  of  a  thin  membrane,  one 
surface  of  which  is  exposed  to  the  air  or  water,  as  the  case  may  bo, 
while,  on  the  other  is  a  network  of  blood-vessels— the  only  separation 
between  the  blood  and  aerating  medium  being  the  thin  wall  of  the 
blood -vossels.  and  the  fine  membrane  on  one  side  of  which  vessols  are 
distributed.  The,  difference  betweon  the  simplest  and  the  most  com- 
plicated respiratory  membrane  is  one  of  degree  only. 

The  lungs  or  gills  are  only  tho  medium  for  the  cxcJuingc,  on  the 
part  of  the  blood,  of  carbonic  acid  for  oxygen.  They  are  not  the  seat, 
in  any  special  manner,  of  those  combustion-processes  of  which  tho 
production  of  carbonic  acid  is  the  final  result.  These  processes  oc<  nj 
in  all  parts  of  tho  body  in  tho  substance  of  tho  tissues. 

The  Respiratory  Apparatus. 

The  lungs  are  contained  in  the  chest  or  thorax,  which  is  a  closed 
cavity  having  no  communication  with  the  outside  except  by  means  of 
tho  respiratory  passages.  The  air  enters  these  passages  through  tho 
BOStrrilfl  or  throtiffl]  t In  •  month,  whence  it  passes  through  the  larynx  into 
the  trachea  or  windpipe,  v.  tsolh  iboat  Mm  middle  of  tho  chest  divides 
into  two  tubes,  bronchi,  one  to  each  (right  and  left)  lui. 

The  Laryn.r  is  the  upper  part  of  the  passage, and  will  be  described 
in  connection  with  tho  voice. 

The  Trachea  and  Bronchi. — The  trachea  extends  from  tho  cricoid 
cartilage,  which  is  on  a  level  with  tho  fifth  cervical  vertebra,  to  a 
an 
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four  or  four  and  a  half  inches  in  length  and  EPOHB  Uireo-quart' 
an  inch  to  an  inch  in  diamotor.and  is  essentially  a  tube  ol  li'nru-ol.i.st;n; 
membrane,  within  the  layers  of  which  are  imbedded  a  aeries  of  carti- 
laginous rings,  from  sixteen  to  twenty  in  number.     These  rings  ex- 
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tend  only  around  the  front  and  sides  of  the  trachea  (about  two-thirds 
of  its  circumference)  and  are  deficient  behind ;  the  interval  between 
their  posterior  extremities  is  bridged  over  by  a  continuation  of  the 
fibrous  membrane  in  which  they  are  enclosed  (fig.  318).  The  curti- 
lages of  the  trachea  and  bronchial  tubes  are  of  the  hyaline  variety 

Immediately  within  this  tube, 
at  the  back,  is  a  layer  of  un- 
striped  muscular  fibres,  which 
extends,  transversely,  between  the 
ends  of  the  cartilaginous  ringB 
to  which  they  are  attached,  and 
opposite  the  intervals   botwoon 

a  also;  their  function  is  to 
diminish,    when     required,    the 

l>re  of  the  trachea  by  ap- 
proximating the  ends  of  the 
cartilages.  Outside  these  are  a 
few  longitudinal  bundles  of  mus- 
cular tissue,  which,  like  the  pro- 
coding,  are  attached  both  to 
fibrous  and  cartilaginous  frame- 
work. 

The  mucous  membrane  con- 
sists to  a  great  extent  of  loose 
lymphoid  tissue,  separated  from 
the  ciliated  epithelium  (fig,  322) 
which  lines  it  by  a  homogeneous 
basoment  membrane  In  the 
deeper  part  of  the  coriuin  of  tho 
mucous  membrane  are  many 
elastic  fibres,  between  which  lie 
connective-tissue  corpuscles  and 
capillary  blood -vessels. 

Numerous  mucous  glands  arc 
situated  in  the  substance  of  the 
mucou3  membrane  of  the  trachea ; 
their  ducts  perforate  the  vai 
structures  which  form  the  wall 
of  the  trachea,  and  open  through  the  mucous  membrane  into  the 
interior  (fig.  319). 

The  two  bronchi  into  which  tho  trachea  divides,  of  which  tho 
right  is  shorter,  broader;  and  men  haruontal  than  the  left  (fife  317), 
resemble  the  trachea  in  structure,  with  tho  difference  tliat  in  them 
there  is  a  distinct  layer  of  unstriped  muscle  arranged  circularly 
beneath  the  mucous  mombrano,  forming  the  muse-ularis  mucosa.     On 
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entering  the  substance  uf  the  lungs  the  cartilaginous  rings,  although 
they  still  form  only  larger  or  smaller  segments  of  a  circle,  are  no 
longer  confined  to  the  front  and  sides  of  the  tubes,  but  are  distributed 
impartially  to  all  parts  of  their  circumference. 

The  bronchi  divide  and  subdivide,  in  the  substance  of  the  lungs, 
into  a  number  of  smaller  and  sm;ii  DOOM  (bronchial  tubes), 

which  penetrate  into  every  part  of  the  organ,  until  at  length  they 
end  in  the  smaller  subdivisions  of  the  lungs  called  lobules. 

All  the  larger  branches  have  walls  fanned  of  fibrous  tissue,  con- 
taining portions  of  cartilagi.i  gB,  by  which  they  are  hold  open, 
and  unstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of 
elastic  tissua  They  are  lined  by  mucous  membrane  the  surface  of 
which,  like  that  of  the  larynx  and  trachea,  is  covered  with  ciliated 
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opitholium,.  but  the  several  layers  become  less  and  less  distinct  until 
the  lining  consists  of  a  single  layer  of  short  columnar  cells  covered 
with  cilia  (fig.  320).  The  mucous  membrane  is  abundantly  provided 
with  mucous  glands. 

As  the  subdivisions  become  smaller  and  smaller,  and  their  walls 
thinner,  the  cartilaginous  rings  become  scarcer  and  more  irregular, 
until,  in  the  smaller  bronchial  tubes,  they  are  represented  only  by 
minute  and  scattered  cartilaginous  flakes.  Whon  tho  bronchial  tubos, 
bj  siicoo.ssivo  branchings,  are  reduced  to  about  ,',-,  of  an  inch  (*8  mm.) 
[o  diameter  they  lose  their  cartilaginous  elexnenl  altogether,  and  their 
walls  are  formed  only  of  a  fibrous  elastic  mem!  ith  circular 

muscular  fibres;  they  are  still  lined,  however,  by  a  thin  mucous 
membrane  with  ciliated  epithelium,  the  length  of  the  cells  bearing 
the  cilia  having  become  so  far  diminished  that  the  cells  are  now 
cubical.     In  the  smaller   bronchial   tubes   tho  muscular   fibres  are 
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ely  more  abundant   than    in   the    larger  ones,  and    form   l 
distinct  circular  < 

The  Lungs  and  Vim™. — Tho  loDffl  OOOUpj  the  greater  portion  of 
tho  thorax     They  urn  of  a  spongy  i-la.stic  toxtnir,  and  are  composed 
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of  numerous  minute  air-sacs,  and  on  section  every  here  and  then  the 
air-tubes  may  be  seen  cut  across.  Any  fragment  of  lime  (unless 
from  a  child  that  has  never  breathed,  or  in  cases  of  disease  in  which 
the  lung  is  consolidated)  floats  in  water;  no  other  tissuo  does  this. 

Each  lung  is  envelopod  by  a  serous  membrane — the  pleura,  one 
layer  of  which  adheres  closely  to 
its  surface,  and  provides  it  with  its 
smooth  and  slippery  covering,  while 
the  other  adheres  bo  the  inner  sur- 
face of  the  chost-wall.  The  con- 
tinuity of  the  two  layers,  which 
form  a  closed  sac,  as  in  the  case  of 
other  serous  membranes,  will  be 
best  understood  by  referenco  to  fig. 
321.  The  appearance  of  a  space, 
however,  between  the  pleura  which 
covers  the  lung  (visceral  layer)  and 
that  which  lines  the  inner  surface 
of  the  chest  (park! a  I  layer)  is  iu- 
Bertod  in  the  drawing  only  for  tho 
sake  of  di  h  tine  I  Hess.  It  does  not 
really  exist.  The  layers  are,  in  health,  everywhere  in  contact  one 
with  the  other;  and  between  them  iR  only  just  so  much  fluid  as  will 
ensure  the  lungs  gliding  easily,  in  their  expansion  and  contraction, 
on  the  inner  surface  of  tho  parietal  layer,  which  lines  the  chost-wall. 
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If,  however,  an  opening  is  mode  bo  as  to  permit  sir  or  fluid  to 
enter  the  pleural  sac,  the  lung,  in  virtue  of  its  elasticity,  recoils,  and 
a  considerable  spaoe  is  left  between  it  and  the  chost-wall.  In  other 
words,  the  natural  elasticity  of  the  lungs  would  cause  them  at  all 
times  to  contract  away  from  the  ribs  were  it  not  that  the  contraction 
is  resisted  by  atmospheric  pressure  which  bears  only  on  the  inner 
surface  of  the  air-tubes  aud  air-sacs.  On  the  admission  of  air  b 
the  pleural  sac  atmospheric  pressure  bears  alike  on  the  inner  and 
outer  surfaces  of  the  lung,  tod  t.hnir  elastic  recoil  is  no  longer 
pre 

Each  lung  is  partially  suMivided  into  separate  portions  called 
lobet;  the  right  lung  into  three  lobes,  and  the  left  into  two.     Each 
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of  these  lobes,  again,  is  composed  of  a  largo  number  of  minute  parts, 
called  lohules.  Each  pulmonary  loliute  may  be  considered  to  be  a 
lung  iu  miniature,  consisting,  as  it  does,  of  a  branch  of  the  bronchial 
tube,  of  air-sacs,  blood  -vessels,  nerves,  and  lymphatics,  with  a  sparing 
amount  of  areolar  tissue. 

On  entering  a  lobule,  the  small  bronchial  tube,  the  structure  of 
which  has  just  been  described  (a,  fig.  323),  divides  and  subdivides ; 
its  walls  at  the  same  time  become  thinner  and  thinner,  until  at 
length  they  are  formed  only  of  a  thin  membrane  of  areolar,  muscular, 
and  elastic  tissue,  lined  by  a  layer  of  pavement  epithelium  not  pro- 
vided with  cilia  At  the  same  time  they  are  altered  in  shape;  each 
i if  the  minute  terminal  branches  widens  out  funnel-wise,  and  its 
walls  are  pouched  out  irregularly  into  small   saccular  dilatations, 
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called  axr-sac$  (fig.  323,  b).  Such  a  funnel-ahaped  terminal  branch 
d!  tho  bronchial  tube,  with  its  enxm  of  pouches  or  air-sacs,  is  called 
an  infundibulum  (figs.  323,  324),  and  the  irregular  oblong  space  in 
its  centre,  with  which   the  air-cm  s  c<»iniiaiuu:ate,  an  inUrcdlulor 

fWMWt. 

The  air-sacs,  or  air-vesicles,  ma)'  be  placed  singly,  like  recesses 
from  the  intercellular  passage,  but  more  often  they  are  arranged  in 
groups,  or  oven  in  rows,  like  minute  sacculated  tubes;  so  thai 
series  of  vesicles,  all  communicating  with  one  another,  open  by  a 
•  uiniinm  orifice  into  tho  tube.  The  vesicles  are  of  various  forma, 
according  to  the  mutual  pressure  to  which  they  are  subject;  their 


Via.  Kb.    Section  of  lung  ftain*l  with  »ll««r  nltrat*.    A.  D.Lalv«olar  duet  or  IntaraMular  nuun : 
H,  »lk~.Ur  «»riU,  ir  »Ir«w:»,  \\«*\  willi  large  (Ul  m!U,  with  aou*  »m»ll»r  i«,ljb««lr»J 

calli ;  M,  plain  muneolar  libra*  surrounding  the  alveolar  duet.    (KUJa  an>l  Noble  Sen 

walla  are  nearly  in  contact,  and  they  vary  from  ^0th  to  ^th  of  an 
inch  (5  to  '3  mm.)  in  diameter.  Their  walla  are  formod  of  tine 
membrane,  like  tho.se  of  the  intercellular  passage;  this  membrane 
is  folded  OO  itself  so  as  to  form  a  .sharp  ca<  li  r.i" 

orifice  of  DOmmnnioatioi)  botwoon  contiguous  air-vesicles,  or  between 
the  vesicles  and  the  bronehial  passages.  Numerous  fibres  of  elastic 
tissue  are  spread  out  between  contiguous  air-sacs,  and  many  of  these 
aro  attached  to  the  outer  surface  of  the  fine  membrane  of  which  each 
sac  is  compos'  ting  to  it  additional  strength  and  tho  power  of 

if  tor  distension.  The  vesicles  are  lined  by  a  layer  of  pavement 
epithelium  (fig.  325)  not  provided  wii  li  <  il  a.  Outside  the  air-vesicles 
a  network  of  pulmonary  capillaries  is  spread  out  so  densely  (fig.  326) 
that  the  interspaces  or  meshes  are  even  narrower  than  the  vessels, 
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which  are,  on  an  average,  uV&ffth  of  an  inch  (8/1)  in  diameter. 
Between  the  air  in  the  sacs  and  the  blood  in  these  vessels  nothing 
intervenes  but  the  thin  walls  of  the  BIT  sacs  and  of  the  capillaries; 
and  the  exposure  of  the  blood  to  the  air  is  the  more  complete, 
because  the  folds  of  membrane  between  contiguous  air-sacs,  and 
often  the  spaces  between  the  walls  of  the  same,  contain  only  a  single 
layer  of  capillaries,  both  sides  of  which  are  thus  at  once  exposed  to 
the  air.  The  arrangomont  of  the  capillaries  is  shown  on  a  larger 
scale  in  fig.  233  (p.  222). 

The  vesicles  of  adjacent  lobules  do  not  communicate;  so  that, 
when  any  bronchial  tube  is  closed  or  obstructed,  the  supply  of  air  is 
lost  for  all  the  sacs  opening  into  it  or  its  branches. 


Pm>.  S'M.-Ck|>Ulary  untwurk  of  lh»  |>uliii'iii&ry  bli«jJ-ve»*i>l«  iu  Uin  litinmn  lung. 
m.    «K.  .:lik*r.) 

Blood-supply. — The  tonga  receive  blood  from  two  sources,  (a)  the 
pulmonary  artery,  (b)  the  bronchial  arteries.  The  former  conveys 
venous  blood  to  the  lungs  to  be  arterialised,  and  this  blood  takes  no 
share  in  tho  nutrition  of  the  pulmonary  tissues  through  which  it 
passes.     The  branches  of  the  bronchial  arteries  conv<  I  blood 

from  tho  aorta  for  the  nutrition  of  the  walls  of  the  bronchi,  of  the 
larger  pulmonary  vessel  a,  of  tho  interlobular  r  •nnrnvi  ivc-tissue,  etc.; 
tho  blood  of  the  hmnrhiul  vessels  is  returned  chiefly  through  the 
bronchial  and  partly  t  he  pulmonary  veins. 

Lymphatics. — The  lymphatics  are  arranged  in  three  sets: — 1. 
Irregular  lacume  in  the  walls  of  the  alveoli  OT  air-saos.  The  lym- 
phatic vessels  which  lead  from  these  aoeompany  the  pulmonary 
vessels  towards  the  root  of  the  lung.  2.  Irregular  anastomosing 
spaces  in  the  wallH  of  the  bronchi  3.  Lymph-spaces  in  the  pul- 
monary pleura.     The  lymphatic   vessels  from  all   these  irregular 
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sinuses  pass  in  Inwards  the  root  of  lie    lung  to  reach  the  bronchial 
lymphatic  gl» d  ' 

Serves. — The  nerves  of  the  lung  are  to  lie  traced  from  the  anterior 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of 
the  vagus  and  sympathetic.  The  nerves  follow  the  course  of  the 
vessels  and  bronchi,  and  in  the  walls  of  the  latter  many  small  ganglia 
are  situated. 

The  Respiratory  Mechanism. 

Respiration  consists  of  the  alternate  expansion  and  contraction  of 
the  thorax,  by  means  of  which  air  is  drawn  into  or  oxpelled  from  the 
lungs.     Those  acts  are  called  Inspiration  ami  Expiration  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that 
is  necessary  is  such  a  movomont  of  tho  side-walls  or  floor  of  the 
chest,  or  of  both,  that  the  capacity  of  tho  interior  shall  be  enlarged. 
By  such  increase  of  capacity  there  will  be  a  diminution  of  the  pressure 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
larynx  and  trachea  to  equalise  the  pressure  on  the  inside  and  outside 

ViSt. 

For  the  expiration  of  air,  on  tho  other  hand,  it  is  also  evident 
that,  by  an  opposite  movement  which  shall  diminish  the  capacity  of 
the  chest,  tho  pressure  in  Ehfl  interior  will  be  increased,  and  air  will 
be  expelled,  until  tho  pressure  within  and  without  the  chest  are  again 
equal.  In  both  cases  the  air  passes  through  the  trachea  and  larynx, 
whether  in  entering  or  leaving  the  lungs,  there  being  no  other  com- 
munication with  the  exterior  of  the  body;  and  the  lung,  for  the  same 
reason,  remains,  under  all  the  circumstances  described,  closely  in 
contact  with  tho  walls  and  floor  of  the  chest.  To  speak  of  expansion 
of  tho  chest,  is  to  speak  bIbo  of  expansion  of  tho  lung.  The  move- 
ments of  tho  lung  are  therefore  passive,  not  active,  and  depend  on 
the  changes  of  shape  of  the  closed  cavity  in  which  they  are  contained. 
A  perforation  of  the  chest-wall  would  mean  that  the  lung  on  that 
side  would  no  longer  be  of  use;  a  similar  injury  on  the  other  side 
(double  pneumothorax)  would  cause  death.  If  the  two  layers  of  the 
pl'tura  wave  adhereut,  those  portions  of  the  lung  would  be  expanded 
most  where  the  movements  of  the  chest  are  greatest.     The  existence 

lie  two  layers  prevents  this,  and  thus  the  lung  is  equally  expanded 
throughout. 

Inspiration. — The  enlargement  of  the  chest  in  inspiration  is  a 
muscular  act ;  the  effect  of  the  action  of  the  inspiratory  muscles  is 
an  increase  in  the  size  of  the  chest-cavity  in  the  vertical,  and  in  the 
latere]  aud  antero-posterior  diameters.  The  muscles  engaged  in 
ordinary  inspiration  are  the  diaphragm;  the  external  inlercostals ; 
parts  of  the  internal  intercostals ;  the  lovatores  costarum ;  and  ser- 
ratus  posticus  superior. 
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Tbo  vertical  diameter  of  the  chest  is  increased  by  the  contract  ion 
ami  consequent  descent  of  the  diaphragm;  at  rest,  the  diaphragm  ifl 
domd-shaped  Wil  d«;  the  central  tendon  foi 

a  si:  reBSlon  in  tho  middle  of  this  dome.     On  contraction  the 

muscular  fibres  shorten,  and  bo  the  convexity  of  tho  double  dome  is 
lessened.      The    central    tendon,   which   was   formerly   regarded   as 
lining   fixed,  is   drawn  down  a  certain   distance,   but   tho  el 

PMnenfe  U  at  tlio  sides.  Rtt  the  effective  actum  nf  this  muscle, 
its^'  nt  to  the  lower  rfha  is  kept  fixed   by  the  contraction  of 

ill'1  .jii.p  mliorum.     The  diaphragm  is  supplied  by  the  phrenic 

nerves. 

The  increase  in  the  lateral  and  anteroposterior  diameters  of  the 


Pl  iHtunnol  ixm>  <tf  movement  of  rib*. 

chost  is  effected  by  the  raising  of  tho  riba,  tho  uppor  ones  being  fixed 
by  the  BOatenj  The  greater  Dumber  of  tho  ribs  are  attached  very 
obliquely  to  the  Bpine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the 
sides — tho  hinder  ends  being  prevented  from  |>erforming  any  upward 
movoment  by  their  attachment  to  the  spine.  Tho  movement  of  tho 
front  extremities  of  the  ribs  is  of  necessity  accompanied  by  an  upward 
and  forward  movement  of  tho  sternum  to  which  they  are  attached, 
ill-  in* iv i -i  111  -.] 1 1  being  greater  at  the  lower  end  than  at  the  upper  end 
of  the  latter  bone. 

7 'he  axes  of  rotation  in  these  movements  are  two:  one  correspond- 
ing with  a  lino  drawn  through  the  two  articulations  which  the  rib 
forms  with  the  spine  (a,  b,  fig.  o27) ;  and  the  other  with  a  lino  drawn 
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from  ono  of  these  (head  of  rilri  to  tho  sternum  (A  B,  fig.  327) ;  the 
motion  of  the  rib  around  the  latter  axis  being  somewhat  after  the 
fashion  of  raising  tho  handle  of  a  bucket. 

The  elevation  of  the  ribs  is  accompanied  by  a  slight  opening  out 
of  the  angle  which  tho  bony  part  forms  with  its  cartilage ;  and  thus 
an  additional  means  is  provided  for  increasing  the  antero-posterior 
diameter  of  tho  chest. 

Tho  muscles  by  which  the  ribs  are  raised,  in  ordinary  quiet 
inspiration,  are  the  external  intercostah,  and  that  portion  of  the 
internal  intercostal*  which  is  situated  between  the  costal  cartilages ; 
and  these  are  assisted  by  the  Isvatores  costarum,  and  the  serratus 
posticus  superior. 

In  tranquil  breathing,  tho  oxpansive  movements  of  the  lower  part 
of  the  chest  are  greater  than  those  of  the  upper.  In  forced  inspira- 
tion, on  tho  other  hand,  tho  greatest  extent  of  movement  appears  to 
be  in  the  upper  antero-posterior  diameter. 

In  extraordinary  or  forced  inspiration,  as  in  violent  exercise,  or  in 
cases  in  which  there  is  some  interference  with  the  due  entrance  of 
air  into  the  chest,  and  in  which,  therefore,  strong  efforts  are  necessary, 
other  muscles  than  those  just  enumerated  are  pressed  into  service. 
It  is  impossible  to  separate  by  a  hard-and-fast  line  the  muscles  of 
ordinary  from  those  of  extraordinary  inspiration ;  but  there  is  no 
doubt  that  the  following  are  but  little  used  as  respiratory  agents, 
except  in  cases  in  which  unusual  efforts  are  required — tho  sterno- 
mastoid,  the  serratus  magnus,  the  pectorales,  and  the  trapezius.  Laryn- 
geal and  face  muscleB  also  come  into  play. 

Tho  expansion  of  the  chest  in  inspiration  presents  some  peculi- 
arities in  different  persons.  In  young  children,  it  is  effected  chiefly 
by  tho  diaphragm,  which  being  highly  arched  in  oxpiration,  becomes 
flatter  as  it  contracts,  and,  descending,  presses  on  the  abdo; 
viscera,  and  pushes  forward  the  front  wails  of  the  abdomen.  The 
movement  of  the  abdominal  walls  being  here  more  manifest  than  that 
of  any  other  part,  it  is  usual  to  call  this  the  abdominal  type  of  respira- 
tion. In  men,  togothor  with  the  descent  of  tho  diaphragm,  and  the 
pushing  forward  of  tho  front  wall  of  the  abdomen,  tho  chest  and  the 
sternum  are  subject  to  a  wide  movement  in  inspiration  {inferior  costal 
tv|>o).  In  women,  the  movement  appears  less  extensive  in  tho  lower, 
tDd  more  so  in  the  upper,  part  of  the  chest  {superior  costal  type). 

There  are  also  differences  in  different  animals.  In  the  frog,  for 
example,  the  air  is  forced  into  tho  lungs  by  tho  raising  of  tho  floor  of 
the  mouth,  tho  mouth  and  nostrils  being  closed. 

Expiration. — From  the  enlargement  produced  in  inspiration,  the 
chost  and  lungs  return,  in  ordinary  tranquil  expiration,  by  their 
elasticity ;  the  force  employed  by  the  inspiratory  muscles  in  distend- 
ing the  chest  and  overcoming  the  elastic  resistance  of  the  lungs  and 
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chest-walls,  is  returned  as  an  expiratory  effort  when  the  muscles  are 
relaxed.  This  elastic  rocoil  of  the  chest  and  lungs  is  sufficient,  in 
ordinary  quiet  breathing,  to  expel  air  from  the  lungs  in  the  intervals 
of  inspiration,  and  no  muscular  power  is  required.  In  all  voluntary 
expiratory  efforts,  however,  as  in  speaking,  singing,  blowing,  and  the 
liko,  and  in  many  involuntary  actions  also,  as  snoozing,  coughing,  otc., 
something  more  than  merely  passive  elastic  power  is  necessary,  ami 
the  proper  expiratory  muscles  are  brought  into  action.  By  far  the 
rliiof  of  these  are  the  abdominal  muscles,  which,  by  pressing  on  I 
viscera  of  the  abdomen,  push  up  the  floor  of  the  chest  formed  by  tho 
diaphragm,  and  by  thus  making  pressure  on  tho  lungs,  expel  air  from 
them  through  the  trachea  and  larynx.  All  muscles,  however,  which 
depress  tho  ribs,  must  act  also  as  muscles  of  oxpiration,  and  therefore  wo 
must  conclude  that  tho  abdominal  muscles  are  assisted  in  their  action  by 
the  interosseous  part  of  the  internal  intercostal*,  the  triangularis  sterni, 
the  terrains  posticus  inferior,  and  quadratus  lumborum.  When  by 
the  efforts  of  the  expiratory  muscles,  the  chest  has  been  squeezed  to 
loss  than  its  avorago  diamotor,  it  again,  on  relaxation  of  the  muscles, 
returns  to  the  normal  dimensions  by  virtue  of  its  elasticity.  The 
construction  of  tho  chest-walls,  therefore,  admirably  adapts  them  for 
recoiling  against  and  resisting  as  well  undue  contraction  as  undue 
dilatation.  In  the  natural  condition  of  tho  parts,  the  lungs  < 
nevor  contract  to  the  utmost,  but  are  always  more  or  loss  "on  the 
stretch,"  being  kept  closely  in  contact  with  tho  inner  surface  of  tho 
chest  walls. 

Methods  of  recording:  Respiratory  Movements. 

The  movements  of  respiration  may  be  recorded  graphically  in  several  ways. 
On-'  method  is  to  Introduce  ■  tube  into  the  trachea  of  tui  animal,  and  to  connect 
this  tube  by  some  gutta-percha  tubing  with  a  7"- piece  introduced  into  the  cork  of  a 
large  buttle,  the  other  cud  of  the  T  having  attached  t  •  •  it  ;i  second  piett  rf  tubing . 
which  can  remain  OjMQ  <ir  can  be  |wtially  or  completely  closed  by  means  of  a  screw 
clamp.     Into  the  cork  is  inserted  a  Ml  I  of  glass  tubing  connected  with  a 

Marey  s  tambour  by  suitable  tubing.  This  second  tube  communicates  any  idtera- 
tion  of  the  pressure  in  the  bottle  to  the  tambour,  and  this  may  be  made  to  write  on 
Dtding  surface. 

There  are  various  instruments  for  recording  the  movements  of  the  chest  by 
application  of  apparatus  to  the  exterior.  Such  is  the  stethograph  of  Hurdon- 
Sanderson  (titf.  SN)     This  consists  ot  a  frame  formed  of  two  parallel  steel  bars 

Joined  by  a  third  at  one  end.     At  '  ul  of  the  bars  is  attached  a  leather  strap. 

>y  means  of  which  the  apparatus  may  be  suspended  from  the  ne<  k.  Attached  to 
the  inner  end  of  one  bar  is  a  tambour  and  ivory  button,  to  the  end  of  the  other  an 
ivory  button.  When  In  use.  the  apparatus  is  suspended  with  the  transverse  bar 
posteriorly,  the  button  of  the  tambour  is  placed  on  the  part  of  the  chest  the  move- 
ment of  which  it  is  desired  to  record,  and  the  other  button  b  made  to  press  upon 
the  corresponding  point  on  the  other  side  of  the  chest,  so  tliat  the  chest  Is,  as  it 
were,  held  between  a  pair  of  callipers.  The  tambour  is  connected  by  tubing  and  a 
T-|'iece  with  a  recording  tambour  ami  with  n  ball,  hv  means  of  which  air  can  be 
squeezed  into  the  cavity  of  the  tambour.  NVhcn  in  work  the  tube  connected  with 
the  air  ball  is  shut  off  by  means  of  a  screw  clamp.  The  movement  of  the  chest  is 
thus  communicated  to  the  recording  tambour. 
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jure  of  air  in  the  bag  produced  by  the  movements  of  the  chest  are  communicated 
to  a  recording  tambour.  This  apparatus  is  a  simplified  form  of  Marcy  s  stctho- 
graph  (fig.  838V 

The  variations  of  intrapleural  pressure  may  be  recorded  by  the  introduction  of 
a  cannula  into  the  pleural  cavity,  which  is  connected  with  n  mercurial  manometer. 

Finally,  it  has  been  found  possible  in  various  ways  to  record  the  iliaphragmatic 
movements  by  the  insertion  of  an  clastic  bag  connected  with  a  tambour  into  the 
abdomen  below  it  (phrenographV  by  the  insertion  of  needles  into  different  parts 
of  its  stru<  bun  OB  by  recording  the  contraction  of  isolated  Mr.;  if  'he  diaphragm. 
Such  a  strip  attached  in  the  rabbit  to  the  xiphisternal  cartilage  may  be  detached, 
and  attached  by  a  thread  to  a  recording  lever.  This  method  was  largely  used  by 
Head  ;  this  strip  serves  as  a  sample  of  the  diaphragm. 

330  shows  a  tracing  obtained  in  this  way ;  but  in  tracings  taken  with  a 


I  M..  WO     "Pa<ilim  of  the  norms)  diaphragm  rMjil  ration*  of  rabbit,    a,  with  qnlek  movement  of  drum. 
6,  with  alow  niuvrinriil,     Tlir  UMtlQMa  rapfaaaat  in«|iltatlcin  ;  tl  ■  ration.     To 

he  read  finm  left  u,  right.    The  HIM  tracing  in  each  caae  raprasanta  acconda.    (Marckwald.) 

stethngraph,  oranv  of  the  numerous  arrangements  of  tambours  which  are  applied  to 
the  chest  w»Us  nf  men  and  animals,  the  large  up-and-down  strokes  due  to  the 
respirator)  movements  have  upon  them  smaller  waves  due  to  heart-beats. 

Tim  acts  of  expansion  and  contraction  of  the  cheat  tako  up  under 
ordinary  circumstances  a  nearly  equal  time.  The  act  of  inspiring  air, 
however,  especially  in  women  and  children,  is  a  little  Bhorter  than 
Uiat  of  expelling  it,  and  there  is  commonly  a  very  slight  pause 
between  the  end  of  expiration  and  tho  beginning  of  tho  noxt  inspira- 
tion. 

If  tho  ear  be  placed  in  contact  with  the  wall  of  the  chest,  or  be 
separated  from  it  only  by  a  good  conductor  of  sound  or  stethoscope, 
a  faint  respiratory  or  vesicular  murmur  is  heard  during  inspiration. 
This   sound  varies  somewhat  in   different  parts — being  loudest  or 
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coarsest  in  the  neighbourhood  of  the  trachea  and  large  bronchi 
(tracheal  and  bronchial  breathing),  and  fading  off  into  a  faint  sighing 
as  the  ear  is  placed  at  a  distance  from  these  (vesicular  breathing).  It 
is  best  heard  in  children,  and  in  them  a  faint  murmur  is  heard  in  ex- 
piration also.  The  cause  of  the  vesicular  murmur  has  received  various 
explanations ;  but  most  observers  hold  that  the  sound  is  produced  by 
the  air  passing  through  the  glottis  and  larger  tubes,  anil  that  this 
sound  is  modified  in  its  conduction  through  the  substance  of  the  lung. 
The  alterations  in  the  normal  breath  sounds,  and  the  various  additions 
to  them  that  occur  in  different  diseased  conditions,  can  only  be 
properly  studied  at  the  bedaida 

Respiratory  movements  of  the  Nostrils  and  of  the  Glottis. — During 
the  action  of  the  muscles  which  directly  draw  air  into  the  chest, 
those  which  guard  the  opening  through  which  it  enters  are  Dot  pas- 
sivo.  In  hurried  broathiriL.'  the  instinctive  dilatation  of  the  nostrils 
is  well  seen,  although  under  ordinary  conditions  it  may  not  bo  notice- 
able. The  opening  at  the  upper  part  of  the  larynx  or  rima  glottidis 
is  slightly  dilated  at  each  inspiration  for  the  more  ready  passage  of 
air,  and  becomes  smaller  at  each  expiration  ;  its  condition,  therefore, 
corresponds  during  respiration  with  that  of  the  walls  of  the  chest. 
There  is  a  further  likeneBB  between  the  two  acts  in  that,  under  ordi- 
nary circumstances,  tlio  dilatation  of  the  rima  glottidis  is  a  muscular 
act  ami  its  narrowing  tdiictl v  :m  clastic.  recoil. 

Terms  used  to  express  Quantity  of  Air  breathed.— a.  Tidal 
air  is  the  quantity  of  air  which  is  habitually  and  almost  uniformly 
changed  in  each  act  of  breathing.  In  a  healthy  adult  man  it  is  about 
20  cubic  inches,  or  about  300  c.c  It  will  be  seen  that  this  amount 
of  air  is  not  nearly  sufficient  to  nil  the  lungs;  it  tills  the  upper 
respiratory  passages ;  Zuntz  gives  the  capacity  of  the  upper  air 
passages  and  bronchial  tubes  as  140  c.c,  and  if  this  low  estimate  is 
correct,  about  half  the  tidal  air  is  required  to  fill  this  space.  At  the 
end  of  an  expiration,  however,  the  tubes  and  alveoli  are  not  empty 
of  air,  and  the  sudden  inrush  of  atmospheric  air  during  inspiration 
effects  a  complete  mixture  of  this  air  with  that  left  in  tho  air 
passages ;  it  is  possible  that  the  air  in  tho  axial  stream  of  the  current 
may  penetrate  as  far  even  as  tho  alveoli,  but  what  is  sucked  into  the 
alvooli  is  mainly  some  of  tho  mixture  from  the  bronchial  passages, 
and  that  in  turn  is  derived  from  the  mixture  (containing  more  atmos- 
pheric air  in  proportion)  in  the  upper  air  cavities.  During  expirat 
the  air  which  leaves  the  lungs  may  come  in  part  from  the  alveoli,  but 
the  effect  of  the  stream  of  outgoing  air  is  mainly  as  before  to  effect  a 
thorough  admixture  of  tho  air  in  tho  intermediate  air  passages ;  thus 
the  alveolar  air  will  become  mixed  with  that  in  the  Uuncliial  tubes, 
and  that  in  turn  will  lie  mixed  with  tliat  in  tho  upper  air  chambers. 
In  a  succession  of  alternate   inspirations  and  expirations  adequate 
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ventilation  is  Moored,  bill  obviously  the  composition  of  the  expired 
air  is  not  the  same  as  that  of  alveolar  air,  for  the  latter,  though  it  is 
ultimate  1  bn  .iihed  out,  is  diluted  on  its  upward  journey  by  mixture 
with  tho  bronchial  air,  and  that  in  its  turn  with  if  the  upper 

air  chambers;  i  words,  the  expired  air  is  alveolar  air  (rich  in 

carbon  dioxide)  diluted  with  bronchial  air  (richer  in  oxygen)  and 
with  atmospheric  air  (still  richer  in  oxygon).  No  doubt  diffusion  of 
gases  occurs  as  well,  oxygon  diffusing  inwards  and  carbon  dioxid. 
outwards,  but  this  molecular  movement  is  too  slow  to  be  of  any  real 
use  in  aerating  the  blood,  for  almost  immediately  the  respiratory 
movements  cease,  death  occurs. 

b.  Complement  al  air  is  tho  quantity  over  and  above  this  which 
can  be  drawn  into  tho  lungs  in  tho  deepest  inspiration ;  its 
amount  varies,  but  it  may  bo  reckoned  as  100  cubic  inches,  or  about 
1600  c.c 

c.  Reserve  or  supplemental  air. — After  ordinary  exp  such 
U  ill  ii  which  expels  the  breathing  or  tidal  air,  a  certain  quantity  of 
air,  about  100  cubic  inches  (1600  c.c.)  remains  in  the  lungs,  which 
may  be  expelled  by  a  forcible  and  deeper  expiration.  This  is  termed 
reserve  or  supplemental  air. 

d.  Residual  air  is  the  quantity  which  still  remains  in  the  lungs 
iififi  the  mi.  i  ■.  inlciit,  expiratory  effort.  Its  amount  depends  in  jjreat 
measure  on  the  absolute  sise  w  the  ebest,  but  may  lie  estimated  ai 
about  100  cubic  inches,  or  about  1600  tLD. 

total  quantity  «»f  air  which  passes  into  and  out  of  the  lungs 
of  an  adult,  at  rest,  m  24  hours,  varies  from  400,000  (Marcet) 
680,000   (Hutchinson)  onbio    inches.      This  quantity,  however,   is 
increased,  and  may  be  more  than  doubled  by  exertion. 

a  Respiratory  or  Vital  Capacity. — The  vital  capacity  of  the  cheat 
is  indicated  by  the  quantity  <>f  air  which  a  person  can  expel  from  his 
lungs  by  a  forcible  expiration  after  the  deepest  inspiration  possible. 
The  average  capacity  of  an  adult,  at  15*4°  C.  (60  F.),  is  about  225  to 
250  cubic  inches,  or  3500  to  4000  c.c.  It  is  the  sum  of  the  com- 
plemental,  tidal,  and  supplemental  air. 

The  ,  i  'canity,  or  as  John   HutcbJrjMD  called  it,  ri/.il  capacity,  is 

usually   tueii.su red  by  a  modified  gasometer  ot  >  which  the  experi- 

menter breathes, — making  the  most  prolonged  expiration  jm  ■  •.ible  alter  ilie  deepest 
possible  inspiritmii.  1  he  (|iiu.iitit\  of  air  which  is  thus  expelled  from  the  lunps  is 
indicated  by  the  height  to  which  the  air-ehamlier  Of  the  spirometer  rises  ;  and  by 
means  of  a  scale  placed  in  connection  with  this,  the  number  of  cubic  inches  Is  read 
off. 


In  healthy  men,  the  resj  J  varies  chiefly  with  tho 

stature,  weight,  and  a 

It  was  found  by  Huti  binson,  from  whom  most  of  our  information 
on  this  subject  is  derived,  that  at  a  temperature  of  154  C.  (60   F.), 
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225  cubic  inches  is  the  average  vital  or  respiratory  capacity  of  a 
healthy  person,  five  feet  seven  inches  in  height 

Circumxlntvts  affertinp  th«  amount  of  respiratory  rapacity. — For  every  inch  of 
height  above  this  standard  the  capacity  1*  increased*,  on  an  average,  by  eight  cubic 
incites  ;  and  for  every  inch  below,  it  is  diminished  by  the  same  amount. 

The  influence  of  woialit  on  the  capacity  of  respiration  in  less  manifest  and  con- 
siderable than  that  of  height;  and  it  is  difficult  to  arrive  at  any  definite  conclusions 
on  this  point,  because  the  natural  average  weight  of  a  healthy  man  in  relation  to 
stature  has  not  yet  been  determined.  As  a  general  statement,  however,  it  may  be 
said  that  the  capacity  of  respiration  is  not  affected  by  weights  under  101  pounds,  or 
11$  stones;  but  that,  above  this  point,  it  is  diminished  .it  the  rate  of  one  cubic  inch 
for  every  additional  pound  up  to  196  pounds,  or  14  stones. 

By  tu/t,  the  cajxacity  is  increased  from  altout  the  fifteenth  to  the  thirty-fifth 
year,  at  the  rate  of  five  cubic  inches  per  year:  from  thirty-five  to  sixty-five  it 
diminishes  at  the  rate  of  altout  one  and  a  half  cubic  inch  per  year  ;  so  that  the 
capacity  of  respiration  of  a  man  of  sixty  years  old  would  be  about  30  cubic  inches 
less  than  that  of  a  man  forty  years  old,  of  the  same  height  and  weight. 

So.— Tbfl  vital  capacity  of  an  adult  man  to  that  of  a  woman  oi  the  same  height 
is  10  to  7. 

The  number  of  respirations  in  a  healthy  adult  person  usually  ranges 
from  14  to  18  per  minute.  It  is  greater  in  infancy  and  chiMli 
It  varies  also  mucli  according  to  different  circumstances,  such  as 
exercise  or  rest,  health  or  disease,  etc.  Variations  in  the  number  of 
respirations  correspond  ordinarily  with  similar  variations  in  the 
pulsations  of  the  heart.  In  health  the  proportion  ia  about  1  to  4, 
OK  1  to  5,  and  when  the  rapidity  of  the  heart's  action  is  increased, 

t.  of  the  chest  movement  iB  commonly  increased  also;  but  not  in 
evory  caso  in  oqual  proportion.  It  happens  occasionally  in  disease, 
especially  of  the  lungs  or  air-passages,  that  the  number  of  respiratory 
acts  increases  in  quicker  proportion  than  the  beats  of  the  pulse;  and. 
in  other  affections,  much  more  commonly,  that  the  numl>ur  of  the 
pulse-beats  is  greater  in  proportion  than  that  of  the  respirations. 

The  Force  qf  Inspiratory  and  Expiratory  Muscles.- — The  force  "with 
which  the  inspiratory  muscles  are  capable  of  acting  is  greatest  in 
individuals  of  the  height  of  from  fivo  feet  soven  inches  to  five  feet 
eight  inches,  and  will  olovato  a  column  of  nearly  three  inches  (about 
60  mm.)  of  mercury.  Abovo  this  height  the  force  decreases  as  the 
stature  increases ;  so  that  the  average  of  men  of  six  feet  can  elevate 
only  about  two  and  a  half  inches  of  mercury.  The  force  manifested 
in  the  strongest  expiratory  acts  is,  on  the  average,  one-third  greater 
than  that  exercised  in  inspiration.  But  this  difference  is  in  great 
measure  due  to  the  power  exerted  by  the  elastic  reaction  of  the  walls 
of  the  chest ;  and  it  is  also  much  influenced  by  the  disproportionate 
strength  which  the  expiratory  muscles  attain,  from  their  being  called 
into  use  for  other  purposes  than  that  of  simple  expiration.  The  force 
of  tho  inspiratory  act  is,  therefore,  better  adapted  than  that  of  the 

;  rratory  for  testing  the  muscular  strength  of  the  body.      (John 
Hutchinson.) 
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In  ordinary  quiet  breathing,  there  is  a  negative  pressure  of  ouly 
1  mm.  during  inspiration,  and  a  positive  pressure  of  from  2  to  3  B 
mercury  during  expiration. 

The  Instrument  used  by  Hutchinson  to  gauge  the  Inspiratory  and  expiratory 
power  was  a  mercurial  manometer,  to  which  was  attached  a  tube  fitting  the  nostrils, 
and  through  which  the  inspiratory  at  expiratory  effort  was  made. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is 
employed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
the  lungs. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone  is 
about  6  mm.  of  mercury.  This  is  estimated  by  tying  a  manometer 
into  tho  trachea  of  a  dead  subject,  and  observing  the  rise  of  mercury 
that  occurs  on  puncture  of  the  chest- walls.  If  the  chest  is  distended 
beforehand  so  as  to  imitate  a  forcible  inspiration,  a  much  larger  rise 
(30  mm.)  of  the  mercury  is  obtained.  In  the  body  this  elastic  force 
is  assisted  by  the  contraction  of  tho  plain  muscular  fibres  of  the 
alveoli  and  bronchial  tubes,  the  pressure  of  which  probably  does  not 
exceed  1  or  2  mm.  Hutchinson  calculated  that  the  total  force  to  \xt 
overcome  by  the  muscles  in  the  act  of  inspiring  200  cubic  inches  of 
air  is  more  than  450  lbs. 

It  is  possible  that  the  contractile  power  which  the  bronchial  tul-e.s 
and  air-vesicles  possess,  by  means  of  their  muscular  fibres,  may  assist 
in  expiration ;  but  it  is  more  likely  that  the  chief  purpose  of  this 
muscular  tissue  is  to  regulate  and  adapt,  in  some  measure,  tho 
quantity  of  air  admitted  to  tho  lungs,  and  to  each  part  of  thorn, 
according  to  tho  supply  of  blood :  tho  muscular  tissue  also  contracts 
upon  and  gradually  expels  collections  of  mucus,  which  may  have 
accumulated  within  the  tubes,  and  which  cannot  be  ejected  by  forced 
expiratory  efforts,  owing  to  collapse  or  other  morbid  conditions  of  the 
portion  of  lung  connected  with  the  obstructed  tubes  (Gairdner). 


The  Nervous  Mechanism  of  Respiration. 


In  the  central  nervous  system  there  is  a  specialised  small  district 
called  the  respiratory  centre.  This  gives  out  impulses  which  travel 
down  the  spinal  cord  to  the  centres  of  the  spinal  nerves  that 
innervate  the  muscles  of  respiration.  It  also  receives  various  afferent 
tibros,  the  most  important  of  which  are  contained  in  the  trunk  of  the 
vagus.  The  vagus  is  chiefly  an  afferent  nerve  in  relation  to  respira- 
tion. It,  however,  also  is  in  a  minor  degree  efferent,  for  it  supplies 
the  muscular  tissue  of  the  lungs  and  bronchial  tubes,  and  exercises  a 
trophic  influence  on  the  lung. 

The  respiratory  centre  was  discovered  by  Flourena ;  it  is  situated 
at  the  tip  of  the  calamus  scriptorius,  and  almost  exactly  coincides  in 
position  with  the  centre  of  the  vagus.     Tho  existence  of  subsidiary 
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respiratory  centres  in  the  spinal  cord  has  been  mooted,  hut  the 
balance  of  experimental  evidence  is  against  their  existence.  Flourens 
found  that  when  the  respiratory  centre  is  destroyed,  respiration  at 
once  ceases,  and  the  animal  dies.  He  therefore  called  it  the  "  vital 
knot "  (nceud  vitale). 

The  centre  is  affected  not  only  by  the  afferent  impulses  which 
reach  it  from  the  vagus,  but  also  by  tboso  from  the  cerebrum ;  so  that 
we  have  a  limited  amount  of  voluntary  control  over  the  respi- 
movements. 

The  sensory  nerves  of  the  skin  have  also  an  effect  The  action  of 
the  air  on  the  body  of  a  new-born  child  is  no  doubt  the  principal 
afferent  cause  of  the  first  respirations.  During  foetal  life,  the  need  of 
the  embryo  for  oxygen  is  very  small,  and  is  amply  met  by  the  trans- 
ference of  oxygen  from  tho  maternal  blood  through  the  thin  walls  of 
tho  fietal  capillaries  in  tho  placenta.  The  application  of  cold  water 
to  the  skin  always  causes  a  deep  inspiration  j  this  is  another  ifiataaUN 
of  the  reflex  effect  which  follows  stimulation  of  the  cutaneous  nerves. 
Stimulation  of  the  central  end  of  the  splanchnics  causes  expiration. 
Stimulation  of  the  central  end  of  the  glossopharyngeal  causes  an 
inhibition  of  the  respiratory  movements  for  a  short  period;  this 
accounts  for  the  very  necessary  cessation  of  breathing  during  swallow- 
ing. Stimulation  of  the  central  end  of  the  cut  superior  laryngeal 
nerve,  or  of  its  terminations  in  tho  mucous  membrane  of  the  larynx, 
as  when  a  crumb  is  "swallowed  tho  wrong  way,"  produces  inhibition 
of  inspiratory  ami  increase  of  expiratory  efforts,  culminating  in 
hing. 

Iheae  DM  i  os,  however,  are  none  of  them  in  constant  action  as  the 
vagi  are,  and  the  influence  of  the  vagus  is  somewhat  complicated. 
Still,  respiration  continues  after  the  vagi  are  cut  The  character  of 
the  respiration  becomes  altered,  especially  if  both  nerves  are  severed ; 
it  is  slower  and  dooper.  This  is  due  to  the  cessation  of  the  impulses 
j  4  mally  run  up  tho  vagi  to  the  respiratory  centre.  The  animal, 
however,  lives  a  considerable  time ;  a  warm-blooded  animal  usually 
dies  after  about  a  week  or  ten  days  from  vagus  pneumonia,  due  to  the 
removal  of  trophic  influences  from  the  lungs.  Cold-blooded  animals 
live  longer;  they  exhibit  fatty  degeneration  of  tho  hoart-muscle  also. 

The  question  has  boon  much  debated  whether  tho  activity  of  tho 
respiratory  centre  is  automatic  or  rejltx  ;  that  is  to  say,  whether  the 
rhythmic  discharges  proceeding  from  it  depend  on  local  changes 
induced  by  the  condition  of  its  blood  supply,  or  on  the  repeated 
stimulations  it  receives  by  afferent  nerves. 

There  appears  every  reason  to  believe  that  the  centre  has  the 
power  of  automatism,  but  this  is  never  excited  under  normal 
circumstances.  Normally,  the  respiratory  process  is  a  series  of 
rotlux  actions. 


[CH.  XXIV. 

The  evidence  in  favour  of  the  automatic  activity  of  the  centre  is 
the  following  :~- 

(l.i  It  bhe  spinal  cord  is  cut  just  tolow  the  bulb,  respiration 
ceases,  except  in  the  case  of  the  facial  and  laryngeal  muscles,  which 
are  supplied  by  nerves  that  originate  above  the  point  of  injury  : 
alie  nasi  work  vigorously.  BOOB  respiration  is  not  effective  in 
dfftwmg  any  air  into  the  chest,  and  so  the  animal  soon  dies;  but  the 
forcible  efforts  of  these  muscles  show  that  the  respiratory  centre  i.*  in 
a  state  of  activity,  sending  out  impulses  to  them.  If  the  two  va. 
nerves  are  cut,  these  movements  continue ;  this  shows  that  afferent 
impulses  from  the  vagus  are  not  essential.  As  the  blood  gets  more 
and  more  venous,  the  movements  become  more  pronounced.  The 
question  has  arisen  whether  this  increased  activity  of  the  rospiratm  v 
centre  is  duo  to  increase  of  carbonic  acid,  or  decrease  of  oxygen 
in  the  blood  which  it  receives.  The  balance  of  evidence  shows 
that  the  increase  in  the  carbonic  acid  is  the  more  important  of  the 
two. 

(2.)  In  asphyxia,  one  always  gets  great  increase  of  respiratory 
activity,  called  dyspncea;  this  i3  produced  by  the  stimulation  of  the 
centre  by  venous  blood.  It  is  not  duo  (or  not  wholly  due)  to  the 
action  of  the  venous  blood  on  the  terminations  of  the  vagi  in  the 
I  nil's,  as  the  same  phenomenon  occurs  when  these  nerves  are  cut ;  and, 
Moreover,  dyspnoea  takes  place  if  the  venous  blood  is  allowed  to 

ulate  through  the  brain  alone,  and  not  through  the  lungs  at  all. 
For  instance,  it  ensues  when  localised  vcuosity  of  the  blood  is  produced 
in  tho  brain  by  ligature  of  the  carotid  and  vertebral  arteries. 

But,  as  before  stated,  tho  normal  activity  of  tho  respiratory  centre 
is  not  automatic,  it  is  reflex,  and  the  principal  afferent  channel  is  the 
vagus.  Tho  way  in  which  it  works  has  been  made  out  of  recent  years 
by  Marckwald,  Ilering,  and  Head.     The  i  ig  is  a  brief  rdsuwtf  of 

Head's  results : — 

His  method  of  recording  tho  movements  was  by  means  of  that  con- 
nt  slip  of  tho  diaphragm  which  is  found  in  rabbits  (see  p.  356). 

His  method  of  dividing  the  vagus  was  by  freezing  it;  he  laid  it 
across   a   copper   wire,  tho   end  of   which  was  placed  in  a  free/ 
mixture.     This  method  is  free  from  the  disadvantage  which  a  cut 

h  a  knife  or  scissors  possesses,  namely,  a  stimulation  at  the 
moment  of  section.  On  dividing  one  vagus,  respiration  became 
slightly  slower  and  deeper ;  on  dividing  the  second  nerve,  this  effect 
was  much  more  marked. 

On  exciting  tho  central  end  of  the  divided  nerve,  inspiratory 
efforts  increased  until  at  last  tho  diaphragm  camo  to  a  standstill  in 
ili-  [nspixaton  position.  But  if  a  weak  stimulus  was  employed,  the 
reverse  was  the  case ;  the  expiratory  efforts  increased,  inspiration 
becoming  weaker  and  weaker,  until  at  last  the  diaphragm  stopped  in 
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the  position  of  expiration.     This  result  always  follows  stimulation  of 
Qperiof  laryngeal  ne: 

Most  o!  theee  Facta  wen.;  known  previously,  but  \A  tfoi 

of    tlmiii,  in    the    light    of    further    experiments    im mumI j;il i-'.y    to    be 
descrihed,  is  the  following: — 

Tint,  there  are  in  the  v;i  sets  of  fibre?,  one  of  which 

duces  an  increased  activity  of  the  inspiratory  part  of  the  respirai 
centre,  and  the  other  an  increased  activity  of  the  expiratory  part  of 
that  centre.     Stimulation  of  the  first  st<  nd  produces 

ration;  stimulation  of  lIr  -reverse 

The  ipicstion  now  is,  What  is  it  thai-  in n in.-i.ll v  produOOfl  this 
alternate  8tiuiulalii. ii  oi  the.  two  sots  of  fibres!  If  we  discover  this 
we  shall  discovoz  tin-  prime  moving  oause  Is  bhs  altematioi  oi  the 
inspirator  Hid  expiratory  nets. 
1 1  was  sought  and  found  in  the. 
alternate  distension  and  con- 
traction of  the  air-vesicles  of 
the  hugs  where  the  vagus 
I.enniiiat.ions  are  situated. 

In  one  series  of  experiments 
posit:  lotion    was    per- 

formed ;  that  is,  air  was  pumped 
repeat- 1 1  y  into  the  lungs,  and  so 
isod  their  normal  disten- 
:i.n  found  to ili"- 

the  inspiratory  contraptions  of 
hrau'iii,  until   at    last 
ceased  altogether,  and  the 
diaphragm  stood   still   in    hhfl 
expiratory  position  (fig.  331,  A). 

In  a  second  series  of  ex- 
periments, negative  ventilation  was  performed;  that  is,  the  air  was 
pumped  repeatedly  onto!  the  lungs, and  a  condition  of  collapse  of  the 
air-vesif.los  produced.  This  was  found  to  increase  the  inspiratory  con- 
tractions of  the  diaphragm, expiration  became  less  and  1*  Be,  and  at  last 
the  diaphragm  assumed  the  position  of  inspiratory  standstill  (fig.  331, B). 

Distension  of  the  air-vesicles,  therefore,  stimulates  the  fibres  of 

is    which   excite    the  expiratory   phase  of  respiration ;    collapse 

uilates  those  which  excite  the  inspiratory  phase. 

Ordinary  respiration  is  an  alternate  positive  and  negative 
ventilation,  though  not  so  excessive  as  in  the  experiments  just 
described  Inspiration  is  positive  ventilation,  and  so  provide* 
nervous  mechanism  of  respiration  with  a  stimulus  that  leads  to 
expiration.  Expiration  is  a  negative  ventilation,  and  so  provides  the 
stimulus  that  leads  to  inspiration. 


1 1'-.  ■■'  i     i  ■ 

mnti  of  the  tracing*  lepra 

downward   non 

pov  ,-Mlve  rami:. 


Tii*  uiiwanl  move 
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It  is  probable  that  of  the  two  sets  of  impulses,  those  which  are 
started  by  the  inspiratory  movement  play  a  more  active  part  in  the 
regulation  of  respiration  than  those  started  by  the  expiratory  move- 
ment. Gad  explains  the  latter  by  supposing  they  are  simply  duo  to 
a  cessation  of  the  former,  or,  in  other  words,  that  there  only  exists 
one  class  of  afferent  fibres  in  the  vagus  concerned  in  respiration, 
lis  view  has  not,  however,  mot  with  general  acceptance,  and  is 
linst  the  mass  of  experimental  evidence. 

Apncea. — If  positive  and  negative  ventilation  are  used  together 
rapidly  and  alternately  at  a  rate  quicker  than  the  respiratory  rhythm, 
both  inspiratory  and  expiratory  processes  are  inhibited,  and  the  respira- 
tiim  068088  for  a  short  time.  This  follows  naturally  from  the  experi- 
ments previously  described.  This  can  be  done  on  80  .animal  with  a 
pair  of  bellows  fixed  bo  a  tube  in  the  trachea;  or  voluntarily  by  one- 
self taking  a  number  of  deep  breaths  rapidly.  This  condition,  nailed 
apruea,  is  not  duo,  as  at  one  time  supposed,  to  over-oxygenation  of  the 
blood,  but  is  produced  reflexly.  Under  normal  circumstances  arterial 
blood  is  always  fully  oxygenated.  It  is  observed  if  inert  gases,  like 
nitrogen  or  hydrogen,  are  used  instead  of  air.  The  pause,  however, 
is  then  shorter,  as  the  blood  becomes  venous,  and  in  a  short  time 
stimulates  the  respiratory  centre  to  activity. 

Under  abnormal  circumstances,  namely,  after  division  of  the  vagi, 
apncea  cannot  obviously  be  due  to  such  reflex  action.  In  such  de- 
pressed conditions  of  the  respiratory  centre,  the  blood  becomes  more 
venous  than  normal,  and  then  the  rapid  inflation  of  the  lungs  with  air 
will  produce  an  apnccic  condition.  Frederioq  still  holds  that  ordinary 
apncea  has  a  chemical  rather  than  a  nervous  origin.  He  attributes  it, 
howover,  not  to  over-oxygenation,  but  to  a  lessening  of  the  08lfooni0 
acid  in  the  blood. 

Special  Respiratory  Acts. 

Coughing. — In  the  act  of  coughing  there  is  iirst  of  all  a  deep  in- 
spiration, followed  by  an  expiration ;  but  the  latter,  instead  of  being 
easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed,  tho 
glottis  being  momentarily  closed  by  the  Bf  ition  of  tho  vocal 

cords.  The  abdominal  muscles,  then  strongly  acting,  push  up  the 
viscera  against  the  diaphragm,  and  thus  make  pressure  on  tho  air  in 
the  lungs  until  its  tension  is  sufficient  to  noisily  open  the  vocal  cords 
which  oppose  its  outward  passage.  In  this  way  considerable  force  is 
exercised,  and  mucus  or  any  other  matter  that  may  need  expulsion 
from  the  air-passages  is  quickly  and  sharply  expelled  by  the  out- 
streaming  current  of  air.  The  act  is  a  reflex  one,  the  sensory  surface 
which  is  excited  being  the  mucous  membrane  of  the  larynx,  and  the 
superior  laryngeal  nerve  is  the  afi'crent  nerve;  stimulation  of  other 
parts  of  the  respiratory  mucous  membrane  will  also  produce  cough, 
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and  tho  point  ol  bifurcation  of  the  trachea  is  specially  sensitive. 
Other  sensory  surfaces  may  also  act  as  the  "signal  surface"  for  a 
cough.  Thus,  a  cold  draught  on  the  skin,  or  tickling  the  external 
auditory  meatus,  in  some  people  will  sot  up  a  cough. 

The  question  lias  been  dismissed  whether  such  a  thing  as  a  stomach 
cough  exists;  it  has  not  been  produced  experimentally,  but  there  is  no 
reason  why  irritation  of  the  gastric  nraoons  membrane^  supplied  as  it 
is  by  the  vagus,  should  not  cause  the  reflex  act  of  coughing 

Sneezing. — The  same  remarks  that  apply  to  coughing  are  almost 
exactly  applicable  to  the  act  of  Bneezing;  but,  in  this  instance,  the 
blast  of  air,  on  escaping  from  tho  lungs,  is  directed,  by  an  instinctive 
contraction  of  the  pillars  of  the  fauces  and  descent  of  the  soft  palate, 
chiefly  through  the  nose,  and  any  offending  matter  is  thence  expelled. 

The  "signal  surface"  is  usually  the  nasal  mucous  membrane,  but 
here,  as  in  coughin ••_,  other  causes  (such  as  a  bright  light)  will  some- 
times set  the  reflex  going. 

Hiccough  is  an  involuntary  sudden  contraction  of  the  diaphragm, 
causing  an  inspiration  which  is  suddenly  arrested  by  the  closure  of 
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the  glottis,  causing  a  characteristic  sound.     It  arises  from  gastric 
irritation. 

Snoring  is  due  to  vibration  of  tho  soft  palate. 

Sobbing  consists  of  a  series  of  con  vulsivo  inspirations  at  the  moment 
(if  which  tho  glottis  is  partially  closed. 

Sighing  and  Yawning  are  emotional  forms  of  inspiration,  the  latter 
associated  with  Btretching  movements  of  jaws  and  limbs.  They  appear 
to  be  efforts  of  nature  to  correct,  by  an  extra  deep  inspiration,  the 
venosity  of  tho  blood  due  to  ina<  tivity  produced  by  ennui  of  grief. 
Their  contagious  character  is  due  to  sympathy. 

Among  abnormal  disturbances  of  the  nervous  mechanism  of 
respiratiou,  the  following  diseases  must  l>e  mentioned:  laryngismus 
stridulus,  asthma,  and  whooping-cough. 

Cheyne-Stokes  respiration  is  due  to  rhythmical  activity  of  the 
respiratory  centre.  It  reminds  one  Bomewhat  of  the  Traube-H 
waves  due  to  a  similar  rhythmical  activity  of  the  vaso-motor  centra 
It  is  seen  in  many  uervouB  diseases  and  in  fatty  degeneration  of  the 
heart.  A  typical  tracing  of  the  condition  is  given  above  (fig.  332). 
It  is  seen  to  a  slight  extent  during  ordinary  sleep,  and  is  very  marked 
in  liil)ornating  animals. 
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Peinbrey  and  Pitts  have  recently  taken  graphic  records  of 
'••.!i.iui..n  in  isha  bib oraatm  ■  dannauas,  hedgehog  marmot  and   ball, 

In  some  cases  the  respiruti.-n  baf  rtoal  Cheyue-Stokes  character, 


/wwvw> 


"VN/vvvvvvrx/v^-" 


»rk«1  t  give*  ! imo  in  •onoarin 
l(tvM  th*  ti  •  overy  -<0  a*-vo«iil«.  " 

turn  of  it-  ■  •■  animal  ui  IS'  C.  tlm  t*n\>lM-jrj  group*  broanio 

vrminc  tl*  animal  »tlii  farther  It  »«*k«n»d,  awl  berthing,  at  Brat 
uuoua.    (I"»nib**y  km]  Ti 

with  a  gradual  waxing  and  waning  (fig,  '333).  In  other  cases  periods 
of  respiratory  activity  altoroato  with  periods  of  apnoea,  but  all  the 
respiratory  efforts  are  about  equal  in  foroe.     (Bint's  respiration.) 

The  Effect  of  Respiration  on  the  Circulation. 

The  main  nffoct  of  respiration  on  the  circulation  is  shown  in  the 
accompanying  GgOTOi     It  will  bo  noticed  that   the  arterial  pressure 


Fin.  sw.    Conijjari  ranaro  can  i ■'c«um.    fT© b» ratd  ttrnm 

l«fl  to  tight.)    ii  l«  the  rttrve  of  hleoii-ppmimrpwit.il   itd  rw;.  l  -.,  the  slower  beat* 

■  ijf  t»r>-  rrurknl ",  '•  i«  Mm  run..  i    pr        n     iMalnod  by  i   amcttng 

one  lltnli  of  a  ininiiniRtnr  with  the  pleural   ravlly.     Iiwjuraticm   l»uctiu   it  *  anil  expiration  at  t. 

i   praam  ro  ri»*»  very  rapidly  after  the  c*««at I  the  uttpfmtorjr  ellort,  and  th«n 

1)  talli  ai  ilia  air  i»«ue»  fnm  tho  cheat;  at  l ho  beginning  gf  tba  Inspiratory  eObrt  Iho  fall 
becomes  mom  rapid.     (M.  FcitUr  ) 

rises  with    inspiration  and    fulls  with    expiration,  hut  that  t.br  fcwfl 
events  are  not  quito  Bjitthsonons,  kibe  rise  of  pressure  beginning  a 


OH.  XXIV.]  EFFECT  OF    RESPIRATION   ON    CniCULATION 


367 


little  later  than  the  inspiratory  act,  and  the  fall  a  little  later  limn 
the  expiratory  a -t. 

It  will  also  lie  seen  that  the  heart  beats  BOOTS  rapidly  doling  the 

of  blood -pressure  than  during  the  fall.    This  dUn^renoe  disappears 

when   bhfi  vagi  are  cut.     Respiratory  nndula  -till 

present,  though  not  an  marked  as  before;  hen*  trdiac  variations 

are  nut  their  sole  cause.    They  are  chiefly  the  result  of  the  mechanical 
litions  dependent  ou  the  lungs  and  I  lb.  its  large  vessels 

being  contained  within  the  air-tight  thorax.  When  i |,<-  lapaeity  of 
the  chest  is  increased  in  inspiration,  the  tension  of  the  luru 

to  its  greater  expansion  Ifl  increased;  b the  difference  between 

i:iiia-].l.-nral  pressure,  and  tliat  in  the  lungs  (which  is  atmos- 
pheric) becomes  more  marked,  for  the  difference  of  pressure  is  to  be 
measure  I  bf  the  elastic  force  of  the  lung  tending  to  produce  its 
collapse.  If  the  intra-thoracic  pressure  is  measured,  it  is  found  that 
it  varies  from  —5  to  —7  mm.  of  mercury  at  the  end  of  expiration  to 
—  30  at  the  end  of  a  deep  inspiration  ;  that  is  to  say,  from  5  to  7  to 
30  mm.  less  than  tho  atmospheric  pressure  (760  mm.  of  mercm 
-  pressure  outside  the  heart  and  large  vessels  is  correspondii  > 
diminished  to  the  same  extent,  and  produces  its  main  effect  (distension) 
upon  the  veins  because  they  are  never  fully  distended,  and  because 
the  pressure  within  them  is  low.  This  increase  in  the  "pressure 
gradient"  (i.e.,  the  rate  of  fall  of  pressure)  between  the  intra  and 
extra  thoracic  great  veins  results  in  a  proportionately  more  rapid  fkffl 
of  blond  into  the  tholax,  and  therefore  into  the  right  side  of  the  heart; 
for  within  certain  limits  the  right  heart  can  lie  easily  expanded  more 
fully  it  a  greater  supply  of  blood  is  provided  Consequently,  the 
output  from  the  right  side  increases,  and  thus  vid  the  pulmonary 
circuit  the  inflow  into  the  left  heart  is  increased ;  in  its  turn,  therefore, 
the  output  from  the  left  ventricle  rises,  and  so  the  aortic  pressure  is 
raised       If  the    aorta  and  its    branches  within   the    I  borax    were    as 

undistended  as  the  raina  and  right  auricle,  (hie  efifeot  would  be 

counteracted,  but  inasmuch  as  tho  aorta  and  arteries  are  thii  k-w  dl.d 
and  already  over-dist  ended,  an  increased  inflow  into  them  nrist  lead 
to  a  further  distension,  i.e.,  a  further  rise  of  pressure.  For  we  may 
altoaeihat  neglect  t)  ge  in  lata  of  Boa  hese  vessels  due 

to  tho  change  in  pressure  gradient^  not  because  it  is  insulin  nn: 

if  to  prod uh  net  change  in  the  flow,  ii  the  blood  were  free 

iii  move  easily,  but  I  the  outflow  from   the  urteii  ■.->  has  to  t 

place  through  a  high  peripheral  resistance,  end  this  small  pressure 
change  is  not  able  to  exert  any  appreciable  ellect.  io  acceleratm-  the 
flow  through  such  a  high  peripheral  resistance,  We  must  note,  too, 
ih  it.  the  change  in  pressure  gradient  would  torn!  to  decrease  the  out- 
flow, not  to  increase  it.  Tho  pressure  gradient  in  arteries  and  in 
rains  are  about  equal  in  magnitude,  that  iii  thn  reins  being  probably 
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steeper  than  that  in  the  large  arteries.  All  these  conditions  are 
reversed  when,  with  the  expiratory  act,  tho  thorax  returns  to  its 
former  size,  and  the  arterial  blood-pressure  falls  in  consequence. 

The  effect  of  inspiration  on  arterial  blood-pressure  is  at  first 
assisted  by  the  pressure  of  the  diaphragm  as  it  descends  on  the 
abdominal  veins,  and  blood  is  thua  sent  upwards  into  the  chest  by 
the  vena  cava  inferior.  On  the  other  hand,  this  is  to  some  extent 
counterbalanced  by  the  obstruction  in  the  passage  of  the  blood 
downwards  in  tho  abdominal  aorta,  and  upwards  from  tho  veins  of 
tho  lower  extremities,  but  again  the  veins  are  tho  vessels  more  easily 
influenced  by  moderate  changes  in  external  pressure. 

We  now  come  to  the  causo  of  the  delay  we  have  noted  in  the 
blood-pressure  tracing  in  following  the  respiratory  movements.  One 
effect  of  the  diminished  intra-thoracic  pressure  which  occurs  during 
inspiration  is  an  increase  in  the  capacity  of  the  pulmonary  capillaries, 
and  thus,  though  more  blood  is  sent  into  the  pulmonary  circulation, 
tho  resulting  increase  in  outflow  is  for  a  time  delayed  because  the 
capaoity  of  the  pulmonary  vessels  has  simultaneously  become  greater. 
As  soon  as  this  increase  in  capacity  is  satisfied,  tho  accelerated  flow 
from  the  right  heart  makes  itself  felt  on  the  left  side  with  the  results 
already  explained.  In  some  animals,  such  as  the  rabbit,  the  rise  of 
blood-pressure  occurs  during  expiration,  and  the  fall  accompanies 
inspiration.  This  is  simply  because  tho  rabbit  is  an  animal  which 
breathes  very  quickly ;  wo  havo  seon  there  is  a  delay  in  tho  inspiratory 
rise  of  prossuro ;  if  the  animal  broathos  quickly  enough,  inspiration 
ia  over  and  expiration  has  begun  before  the  rise  of  prosBuro  occurs. 
By  making  the  rabbit  breathe  slowly  (Frodericq  accomplished  this  by 
cooling  the  medulla  oblongata),  the  tracing  obtained  is  similar  to  that 
which  is  got  from  an  animal  like  a  dog,  which  normally  breathes 
slowly. 

When  tho  chest  of  an  animal  is  freely  opened,  and  artificial 
rospiration  performed  in  order  to  koop  it  alive,  respiratory  undulations 
on  the  arterial  pressure  curve  are  still  seen,  but  they  are  in  the 
reverse  direction.  These  obviously  cannot  be  produced  in  the 
mechanical  way  just  described.  The  forcible  inflation  with  air  at 
first  squeezes  more  blood  out  of  the  alveolar  capillaries,  that  is,  the 
capacity  of  thoso  vcssols  is  diminished,  and  this  temporarily  increases 
the  quantity  of  blood  thrown  into  tho  loft  ventricle,  and  so  causes  a 
rise  of  arterial  pressure.  But  the  increased  intra-alveolur  pressure 
has  also  been  shown  to  lead  to  an  increased  resistance  to  the  pulmonary 
circulation,  and  the  rate  of  flow  into  the  left  side  consequently  falls ; 
the  aortic  pressure  therefore  falls ;  while  the  pressure  in  the  pulmonary 
artery  rises.  If  the  high  positive  intra-pulmonary  air-pressure 
persisted,  a  condition  would  soon  be  reached,  in  which  the  increased 
blood-pressure  in  the  pulmonary  artery  would  lead  to  a  greater  flow, 
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and  the  aortic  blood-pressure  would  remain  constant ;  this,  however, 
has  been  shown  to  tako  a  much  longer  time  than  an  ordinary  respira- 
tion period.  Hence  tho  main  effect  of  inflations  of  thn  lungs  at  the 
ordinary  respiration  rate  is  to  diminish  the  aortio  blood-pressure ; 
this  rises  again  for  the  opposite  reasons,  in  the  intervals  of  deflation, 
which  correspond  to  expiration. 

If  artificial  respiration  is  performed  while  the  thorax  is  not  opened, 
a  further  complication  arises  from  the  fact  that  the  increased  intra- 
pleural pressure  decreases  the  rate  of  flow  of  blood  into  the  thorax, 
and  under  these  conditions  t.ho  blood  •pressure  in  the  pulmonary 
artery  falls,  and  in  consequonco  tho  fall  in  tho  aortic  blood -press  uro 
becomes  more  marked  with  each  inflation  than  it  does  when  tho 
thorax  is  open. 

The  last  point  of  detail  we  have  to  consider  is  the  cause  of  the 
greater  frequency  of  the  heart  during  the  inspiratory  phase,  a 
phenomenon  which  is  evidently  duo  to  lessening  of  vagus  action, 
since  the  inequality  of  the  heart  rate  disappears  whon  tho  vagi  are 
cut.  The  question  before  us  is,  What  is  tin:  cause  of  the  rhythm  in 
the  activity  of  the  vagus  centre?  There  appear  to  bo  two  factors 
concerned  in  its  causation :  one  is  a  reflex  action,  the  other  is  what 
may  he  termed  a  central  overflow.     We  will  consider  these  separately. 

1.  The  Ttjitx.  Stimulation  of  the  pulmonary  branches  of  the  vagus 
by  electrical  stimuli,  or  of  their  terminations  to  the  alveoli  by  certain 
irritating  vapours  like  I  .  causes  a  reflex  inhibition  of  the  heart ; 
great  distension  of  the  alveoli  has  a  similar  effect,  but  moderate 
distension,  such  as  occurs  in  an  ordinal y  inspmitimi,  has  the  opposite 
reflex  effect,  causing  tho  heart  to  beat  more  rapidly.  The  afferent 
fibres  from  the  pulmonary  alveoli  enter  the  bulb  by  the  upjier  set  of 
the  rootlets  of  the  combined  gloesopharyngeal-vagus-spinal  accessory 
nucleus  (the  a  group,  p.  247).  Sometimes  the  rootlets  of  this  group  are 
three  in  number,  sometimes  two.  When  there  are  two,  the  lower 
rootlet,  when  there  are  three  tho  lower  two  rootlets,  contain  the  fibres 
in  question  (Cadinaii). 

2.  Ths  over/low.  The  respiratory  centre  exhibits  alternate  phases 
of  activity,  or  what  is  termed  a  rhythmical  action.  It  is  in  close 
anatomical  connection  with  two  other  important  centres  in  the  bulb, 

Iv,  the  cardio-inhibitory  and  the  vaso-motor  centres.  Consider- 
ing how  closely  thoao  three  centres  are  connected  by  association 
fibres,  it  is  not  for]  rising  that  the  cells  of  the  two  latter  centres 
should  be  affected  by  the  rhythm  of  the  cells  of  the  respiratory 
centre,  and  tho  term  overflow  is  an  expression  that  roughly  indicates 
what  occurs.  This  overflow  from  the  respiratory  centre  affects  its 
two  neighbours  in   the  same  way.     During  inspiration  the  activity 

ill  the  cardie-inhibitory  centre  and  of  the  vaso-motor  centre  is 
diminished,  hence  the  heart  beats  faster.    The  factor  wliicb  we  have 
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termed  the  overflow  is  more  important  than  that  which  we  have 
described  as  the  reflex. 

These  facts  show  us  that  the  parallelism  of  the  respiratory 
arterial  pressure  curves  is  not  morel y  the  result  of  the  mechanical 
conditions  already  described,  though  these  are  the  most  important. 
But  in  the  normal  condition  with  the  thorax  closed  il  bbe  vagi 
uncut,  certain  nervous  factors  come  also  into  play.  During  inspira- 
tion these  are: — 

1.  A  reflex  from  the  terminations  of  the  vagi  in  the  pulmonary 
alveoli,  which  produces  a  lessening  of  vagus  action,  and  so  quickening 
of  the  heart.   •- 

2.  An  overflow  from  the  respiratory  to  the  cardio-iuhibitory 
centre,  which  is  still  more  powerful  in  producing  the  same  effect. 

3.  An  overflow  from  the  respiratory  to  the  vaso-motor  centre, 
which  produces  decreased  constriction  of  the  systemic  arterioles. 
By  itself  the  third  nervous  factor  would  lessen  arterial  pressure,  bat 
in  conjunction  with  the  other  two,  and  in  conjunction  also  with  the 
mechanical  conditions  described,  the  main  result  is  a  rise  of  arterial 
pressure  during  inspiration. 

Valsalva's  Experiment. — In  spoaking  of  the  effects  of  expiration, 
we  have  considered  only  ordinary  quiet  oxpiration.  With  forced 
expiration,  there  is  considerable  impediment  to  the  circulation ;  this 
is  markedly  seen  in  what  is  called  Valsalva's  experiment.  This  con- 
sists in  making  a  forced  expiratory  effort  with  the  mouth  and  nose 
shut;  the  effects  are  most  marked  in  people  with  an  easily  compres- 
sible thorax.  By  such  an  act  the  intrathoracic  and  abdominal 
pressures  rise  so  greatly  that  the  outlets  of  tho  veins  of  the  limbs, 
head,  and  nock  into  the  thorax  are  blocked.  At  first,  tho  blood  in 
the  abdominal  veins  is  drawn  on  into  the  right  heart;  this  produces 
a  slight  rise  of  arterial  pressure;  but  soon,  if  the  effort  is  continued, 
the  lungs  aro  emptied  of  blood,  the  filling  of  the  right  heart  is 
opposed,  and  the  blood  is  dammed  back  in  the  peripheral  veins,  where 
tho  pressure  riseB  to  mean  arterial  pressure.  The  arterial  pressure 
begins  then  to  fall ;  but  before  any  considerable  fall  occurs,  the 
expiratory  effort  ceases  from  exhaustion  of  tho  subject  of  the  experi- 
ment, ana  a  deep  inspiration  is  taken.  During  this  inspiration,  tho 
blood  delivered  by  tho  right  h  ait  is  all  used  in  the  filling  of 
dilated  and  comparatively  empty  pulmonary  vessels;  thus  several 
beats  of  the  loft  ventricle  become  abortive,  and  produoe  no  effect  on 
the  radial  artery ;  the  face  blanches,  and  the  subject  becomes  faint  from 
cerebral  anaemia. 

Asphyxia. 

Asphyxia  may  be  produced  in  various  ways:  for  example,  by 
the  prevention  of  tho  due  entry  of  oxygen  into  the  blood,  either  by 
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direct  obstruction  of  the  trachea  or  otbef  part  of  the  respiratory 
passages,  or  by  introducing  instead  of  ordinary  air  a  gas  devoid  of 
oxygen,  or  by  interference  with  the  duo  interchange  of  gases  between 
the  air  and  the  blood. 

The  symptoms  of  asphyxia  may  be  roughly  divided  into  three 
stages:  (1)  the  stage  of  exaggerated  breathing;  (2)  the  stage  of  con- 
vulsions ;  (3)  the  stage  of  exl 

In  the  first  stage  the  breathing  becomes  more  rapid,  and  at  the 
samo  time  deoper  than  usual,  inspiration  at  first  being  especially 
exaggerated  and  prolonged.  Tho  muscles  of  extraordinarv  inspiration 
are  called  into  action,  and  the  effort  to  respire  is  laboured  and  painful 
This  is  soon  followed  by  a  similar  increase  in  the  expiratory  efforts, 
which  become  excessively  prolonged,  being  aided  by  all  the  muscles 
of  extraordinary  expiration.  During  this  stage,  which  lasts  a  vary- 
ing time  from  a  minute  upwards,  according  as  the  deprivation  of 
oxygen  is  sudden  or  gradual,  the  lips  become  blue,  the  eyes  are 
prominent,  and  the  expression  intensely  anxioua  The  prolonged 
itions  are  accompanied  by  a  distinctly  audible  sound;  the 
muscles  attached  to  the  chest  stand  out  as  distinct  cords.  This  stage 
includes  the  two  conditions  hypcrpruea  (excessiv  !|ing)  and 

dysjmaa  (difficult  breathing),  which  follows  later.  It  is  due  to  the 
increasingly  powerful  stimulation  of  the  respiratory  centre  by  the 
increasingly  venous  blood. 

In  the  second  stage,  which  is  not  marked  by  any  distinct  line  of 
demarcation  from  the  first,  the  violent  expiratory  efforts  become 
convulsive,  and  then  give  way,  in  men  and  other  warm-blooded 
animals,  to  general  convulsions,  which  arise  from  the  further  stimula- 
tion of  the  centres  in  brain  and  cord  by  venous  blood.  Spasms  of 
the  muscles  of  tho  body  in  general  occur,  and  not  of  the  respiratory 
muscles  ouly.  The  convulsive  stage  is  a  short  one,  and  lasta  less 
than  a  minute. 

The  third  stage,  or  stage  of  exhaustion.  In  it  the  respirations  all 
but  coaso,  the  spasms  givo  way  to  flaccidity  of  tho  musclos,  there  is 
insensibility,   tho  conjunctives  are  insensitive  ami   tb  la  are 

widely  dilated.    Every  now  and  thon  a  pli 

takes  place,  at  longer  and  longer  intervals,  until  breathing  ceases 
altogether,  and  death  ensues.  During  this  stage  the  pulse  is  Bcaroelv 
to  be  felt,  but  the  heart  may  beat  for  some  seconds  after  the  respira- 
tion has  stopped.  The  condition  is  doe  to  the  gradual  paralysis  of 
the  centres  by  the  prolonged  action  of  the  venous  blood.  This  stage 
last  three  minutes  and  upwards. 

After  death  from  asphy\i.i  il  ifl  found  in  the  great  ma 
eases  that  the  right  side  of  the  heart,  the  pulmonary  arteries,  'and 
the  systemic  veins  are  gorged  with  dark,  almost  black,  blood,  and 
the  left  side  of  the  heart,  the  pulmonary  veins,  and  the  arteries  are 
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empty.  The  explanation  of  those  appeaeaaoefl  may  bo  thus  summar- 
ised:  when  oxygenation  ceases,  venous  blood  at  first  passes  freely 
through  the  lungs  to  the  left  heart,  and  so  to  the  great  arteries. 


Owing  to  the  stimulation  of  the  vaso-motur  r-oiitres,  by  tho  venous 
blood,  the  arterioles,  particularly  those    of    the  odfl    area, 

are  constricted;  the  arterial  blood-pressure  therefore  rises,  ami  tho 
left  side  of  tho  heart  becomes  distended.     Tim  highly  venous  blood 
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passes  through  the  arterioles,  and,  favoured  by  the  laboured  respira- 
y  movements,  arrives  at  the   right  side  of  the  heart,  which  it 
BUS  and  distends;  the  right  side  "t"  the  heart  is  beo  abler  at 

the  same  time,  ami  unable  i<>  rtTc-iivek  di  its  Mom! 

through  the  pulmonary  circuit.    Simultaneotialj  the  left  renfirioleis 
also  becoming  ;weak<  nad,  and  tha  ]'^  suction  action  diinini.slios. 

In  rliis  way  the  Wood  u  dammed  back  in  the  right  heart  and 
Ens.  In  the  third  stage  of  asphyxia,  tho  loft  side  of  the  heart 
therefore  gets  into  the  empty  condition  in  which  it  is  found  after 
death.  Some  consider  that  the  early  onset  of  rigor  mortis  in  the 
left  ventricle  may  he  in  part  a  cause  of  its  contracted  and  empty 
condition 

In  the  first  and  second  stages  of  asphyxia,  the  artorial  pressure 
rises  until  it  reaches  a  point  far  above  the  normal ;  this  is  due  to  the 
constriction  of  the  arterioles.  Tho  fall  of  pressure  in  the  last  stage 
is  mainly  due  to  heart  failure.  If  tho  vagi  are  not  divided  previously, 
the  rise  of  pressure  is  much  less,  and  toe  heart  beats  very  slowly : 
this  enables  the  heart  to  last  longer,  and  is  iluo  to  excitation  of  the 
cardio-inhihitory  centre  by  venous  blood.  Tho  lOOOmpaQyiDg  photo- 
graph of  a  tracing,  which  I  owe  to  Prof.  0.  J.  Martin,  shows  these 
effects ;  it  has  heen  somewhat  reduced  in  size  for  purposes  of  repro- 
duction. The  lower  tracing  is  that  of  venous  pressure  taken  with 
a  salt  solution  manometer  from  the  jugular  vein.  It  will  be  noticed 
that  the  fall  of  arterial  pressure  in  the  last  stage  is  accompanied 
with  a  groat  rise  of  venous  pressure  duo  to  the  venous  congestion 
just  described. 

Effects  of  Breathing  Oases  other  than  the  Atmosphere. 

The  diminution  of  oxygen  has  n  less  direct  influence  in  the  production  of 
asphyxia  than  the  foerMMO  amount  of  carbonic  acid.    Nevertheless,  the  fatal  effect 
of  carbonic  acid  in  the  Mood  when  ■  doe  supply  of  oxygen  is  maintained,  r 
rather  the  action  of  a  narcotic  poison  than  it  does  aspic. 

•■i.  again,   we  must  carefully  dbtfnguian  the  asphyxiating  effect  of  «n 
insufficient  supply  of  oxygen  from  the  directly  potsODOOl    iction  of  IBCD  a  gas  as 

carbonic  oxide.  vUcn  ui  contained  to  i  eonaJaewMe  amonnl  la  c mm  coal-gas. 

The  fatal  cffecls  often  produced  by  this  gas  (us  in  from  burning  charcoal 

stove.--    in    small,  close  rooms)  are  due  to  its  entering   Into  combination   uith    the 

tamegfobm  of  the  btooi  lea.  and  time  expelling  the  onygen.    Hydrogen 

may  take  the  place  of  nitrogen  LI  -  in  the  usual  proportion,  with  no 

marked   ill  effect.     Sulphuretted   hydrogen  interferes  uith  the  oxygenation  of 
Mood.     Nltroua  oxide  :t'-!-- ilir.-.'tK  mi  tin- i  rr\  i  m  a  narcntic      Certain 

gases,  such  as  carbon  dioxide  in  more  than  a  certain  proportion  ;  sulphurous  and 
other  acid  gases,  ammonia,  end  chlorine  produce  spasmodic  closure  of  the  glol 
and  are  irrcspirablc. 


Alterations  in  the  Atmospheric  Pressure. 

The  normal  condition  of  breathing  is  that  the  oxygen  of  the  air  breathed  should 
be  at  the  pressure  of  i  of  theatmosphen ■.  via,,  »  of  "60  mm.  of  mercury,  or  ISO  mm.. 
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but  considerable  variations  may  occur  without  producing  ill  effects.  This  is  due  to 
the  fact  that  the  blood  gases  are  mostly  in  a  state  of  chemical  combination,  not  of 
simple  solution.  Variations  beyond  certain  limits  arc.  however,  fatal.  When  the 
tension  of  oxygen  exceeds  3/.  atmospheres  (i.e.,  in  air  at  a  pressure  of  17  atmos- 
pheres), slow  but  powerful  poisonous  (narcotic)  effects  arc  produced  on  all  living 
matter.  (Bert.)  '1  he  excised  sartori us  is  paralysed  byoboul  naif  an  hour's  exposure 
to  80  atmospheres  of  oxygen  ;  and  the  excised  frog's  heart  ceases  to  beat  in  about 
two  hours  under  the  same  conditions.  It  is  dangerous  for  men  to  work  in  caissons 
where  the  atmospheric  pressure  is  greater  than  4  atmospheres.  Even  lower 
pressures  may  be  followed  on  "  decompression  ■  (it.,  on  coming  out  of  the  increased 
pressure),  by  what  are  called  "  bends,  '  tli.it  is,  |>ains  in  the  joints  and  muscles  by 
paralysis,  and  auditory  symptom  such  as  deafness  and  vertigo.  The  cause  of  such 
symptoms  is  probably  the  Setting  free  of  bubbles  of  nitrogen  in  the  lymph  AM 
and  capillaries  :  any  oxygen  set  free  is  rapidly  rc-;ilisorl«d  by  the  blood.  Capillary 
embolism  from  gas  bunnies  in  the  central  nervous  system  is  the  most  probable 
cause  of  the  paralysis.  (Bert.)  Oxygen  poisoning  may  be  a  secondary  cause  of 
the  symptoms.  Short  shifts  arc  essential  tor  caisson  workers,  for  then  the  body 
lias  not  time  to  become  saturated  with  gas  at  the  caisson  pressure.  Decompres- 
sion must  also  be  gradual  and  slow. 

A  toad  was  but  slightly  effected  hy  5  minutes'  exposure  to  20  atmospheres  of 
oxygen,  but  after  40  minutes  on  "decompression  "  it  went  into  tetanic  convulsions 
null  died  ;  the  heart  was  distended  with  trotlictl  blood  :  bubbles  of  gas  were  in  all 
the  lymph  spaces,  in  the  anterior  chamber  of  the  eye.  and  other  parts.  A  mouse 
in  a  similar  high  pressure  is  narcotised,  and  on  "decompression"  convulsions  and 
death  ensue.  (I>.  Hill.)  Prolonged  exposure  to  2  atmospheres  of  oxygen 
full.. wed  by  pneumonia.  (Lorrain  Smith.)  Mechanical  pressure  by  itself  has  little 
Of  no  Influence  |  thus  frogs  muscle  is  not  injured  by  exposure  to  fluid  pressure  in 
salt  solution  equal  to  400  atmospheres.  Crustacea  are  found  alive  on  murine 
telegraph  cables  at  a  depth  where  the  pressure  is  as  great. 

Turning  now  to  diminution  of  pressure,  we  find  that  "  mountain  sickness  "  occurs 
at  the  height  of  4 S00  metres,  the  summit  of  Ml.  Blanc  Here  the  pressure  of  oxvgcn 
is  only  11  '•' 8  per  cent  of  an  atmosphere.  The  malady  is  increased  by  muscular  effort, 
and  is  due  to  want  of  oxygen.  In  those  who  habitually  live  in  high  altitudes. 
the  number  of  red  blood-corpuscles  is  increased.  iTocc-Spinelli,  the  balloonist, 
perished  at  an  altitude  of  .sftOO  metres,  where  the  tension  of  oxygen  would  be  7 
percent  of  an  atmosphere.  His  companion  Tissandicr  recovered.  In  such  cases 
muscular  paralysis  occurs  before  loss  of  consciousness.  Higher  ascents  could  be 
made  by  aeronauts  if  they  breathed  oxygen  from  a  gas  cylinder.  (Bert.)  That 
death  is  due  to  want  of  oxygen  and  not  to  the  setting  free  of  gas  hubbies  in  the 
blood  is  shown  by  the  following  fact :  a  sparrow  lived  in  pure  oxygen  at  95  mm.  of 
JBCBCUry  pressure,  Haldanc  has  shown  that  animals  can  live  in  two  atmospheres 
of  oxygen  after  all  the  hemoglobin  is  taken  up  by  carbonic  oxide,  for  then 
suili'-ient  oxygen  is  dissolved  in  the  blood-plasma. 


Chemistry  op  Inspiration. 

Tho  air  in  the  air  vesicles  and  tho  blood  in  the  capillaries  are 
separated  only  by  the  thin  capillary  and  alveolar  walla.  The  blood 
parts  with  its  excess  of  carbonic  acid  and  watery  vapour  to  the 
alveolar  air ;  the  blood  at  the  same  time  receives  from  the  alveolar  air 
a  supply  of  oxygen  which  renders  it  arterial. 

The  intake  of  oxygen  is  the  commencement;  and  the  output  of 
carbonic  acid  ia  the  end  of  the  series  of  clianges  known  as  respiration. 
The  gaseous  interchange  in  the  lungs  ia  often  called  external  respira- 
tion. The  actual  combustion  processes  take  place  all  over  the  body 
and  constitute  what  is  known  as  internal  or  tissue-respiration.     The 
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oxygon  which  goes  into  the  blood  to  held  thoro  in  loose  combination 
as  oxyhemoglobin.  In  the-  tissues  this  substance  parts  with  its 
respiratory  oxygen.  The  oxygen  does  not  nocossarily  undergo 
immediate  union  with  carbon  to  form  carbonic  acid,  and  with 
hydrogen  to  form  water,  but  in  most  cases  as  in  muscle,  is  hold  in 
reeervo  by  the  tissue  itself.  Owing  to  this  reserve  oxygen,  a  muscle 
will  contract  in  an  atmosphere  of  pure  nitrogen  and  yet  givo  off 
carbonic  acid;  and  a  frog  will  live  under  tho  samo  conditions  and 
give  off  carbonic  acid  for  several  hours.  Besides  carbonic  acid  and 
water,  certain  othor  products  of  combustion  are  generated ;  those  like 
urea  and  uric  acid,  which  are  the  result  of  nitrogenous  motabol ism , 
ultimately  loavo  the  body  in  the  urine.  The  carbonic  acid  and  a 
portion  of  the  water  find  an  outlet  by  the  lungs. 

Inspired  and  Expired  Air. — The  composition  of  the  inspired  or 
atmospheric  air  and  the  expired  air  may  be  compared  in  the  following 
table:— 


Inspired  air. 

Expired  tlr. 

Oxygen  . 
Nitrogen 
Carbonic  add 
Watery  vapour 
Temperature  . 

20*98  vols,  per  cent 
79 
004     „ 

variable 
•» 

10-03  vols,  percent 
79 
M       .. 

saturated 
that  of  body  (37*  C.) 

The  nitrogen  remains  unchanged.  The  recently  discovered 
argon,  crypton,  etc.,  are  in  the  above  table  reckoned  in  with  the 
nitrogen.  They  are,  however,  only  present  in  minute  quantities.  The 
chief  change  is  in  the  proportion  of  oxygen  and  carbonic  acid.  The 
loss  of  oxygen  is  about  5,  the  gain  in  carbonic  acid  about  45.  If  the 
inspired  and  expired  airs  are  carefully  measured  at  the  same  tempera- 
ture and  barometric  pressure,  the  volume  of  expired  air  is  thus  found 
to  be  rather  less  than  that  of  the  inspired*  The  conversion  of 
oxygen  into  carbonic  acid  would  not  cause  any  change  in  the  volume 
of  the  gas ;  for  a  molecule  of  oxygen  (O.)  would  give  rise  to  a  molecule 
of  carbonic  acid  (CO.,)  which  would  occupy  the  same  volume  (Avo- 
gadro'a  law).  It  must,  however,  be  remembered  that  carbon  is  not 
the  only  element  which  is  oxidised.  Fat  and  proteid  contain  a 
number  "of  atoms  of  hydrogen,  which,  during  metabolism,  are  oxidised 
to  form  water ;  a  Bmall  amount  of  oxygen  is  also  used  in  the  formation 
of  urea.  Carbohydrates  contain  sufficient  oxygen  in  their  own  mole- 
cules to  oxidise  their  hydrogen  ;  hence  the  apparent  loss  of  oxygen  is 
least  when  a  vegetable  diet  (that  is,  one  consisting  largoly  of  starch 

of  I 


Tins  liiiniiiiiticiii  of  volume  will  cause  a  slight  rise  in  the  |>ro|Hjrtionutc  rotUM 
of  nitrogen 
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and  other  carbohydrates)  is  taken,  and  greatest  when  much  fat  and 
proteid  are  oaten.    The  quotient  n     ,      ,    ',   is  called  the  respiratory 

quotient.     Normally  it  is  —  =  0*9,  but  it  varies  considerably  with  diet 

as  just  stated.  It  varies  also  with  muscular  exercise  as  the  output  of 
carbonic  acid  is  than  increased  lwth  absolutely  and  relatively  to  the 
amount  of  oxygen  used  up. 

The  amount  of  respiratory  interchange  of  gases  is  estimate!  by 
enclosing  an  animal  in  an  air-tjghft  chamber,  excopt  that  there  is  a 
tube  entering  and  another  leaving  it;  by  duo  tabs  OXVgeo  or  ail  08  I 
enter,  and  is  measured  by  a  gas-meter  as  it  passes  in.  The  air  is 
drawn  through  tho  chamber,  and  leaves  it  by  the  other  tube  ;  this  air 
has  been  altered  by  the  respiration  of  the  animal,  and  in  it  the  car- 
bonic acid  and  wator  are  estimated ;  the  carbonic  acid  is  estimated  by 
drawing  the  air  through  tubes  containing  a  known  amount  of  an 


arm 
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alkali ;  this  combines  with  the  carbonic  acid  and  is  increased  in 
weight:  the  increase  in  weight  gives  the  amount  of  carbonic  acid, 
the  alkali  used  in  Regnault  and  Reisers  apparatus  was  potash ; 
Pettenkofer  used  baryta  water ;  Haldane  recommends  soda-lime.  The 
water  is  estimated  in  tubes  containing  pumice  moistened  with  sul- 
phuric acid 

The  accompanying  drawing  (fig.  336)  shows  tho  essential  part  of 
the  simplo  but  effective  apparatus  used  by  Haldana  Tho  animal  is 
placed  in  tho  vessel  a  ;  air  is  sucked  through  the  apparatus  (which 
must  be  perfectly  air-tight)  by  a  water  pump  at  a  suitable  rata  The 
arrows  indicate  the  direction  in  which  the  air  passes.  It  goes  first 
through  two  WoulfTa  bottles,  1  and  2.  No.  1  contains  soda-lime, 
which  frees  the  air  from  carbonic  acid ;  No.  2  contains  pumioo-stono 
moistened  with  sulphuric  acid,  which  frees  the  air  from  aqueous 
vapour.  The  air  next  roaches  the  animal  chamber,  and  the  animal 
gives  off  to  it  carbonic  acid  and  aqueous  vapour.  It  passes  then 
through  the  three  bottles,  3,  4,  and  5.  No.  3  contains  pumice  and 
sulphuric  acid,  which  removes  the  water ;  No.  4  contains  soda-lime, 
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which  absorbs  the  carbonic  acid  ;  and  No.  5  contains  pumice  and  sul- 
phuric acid,  which  absorbs  any  water  carried  over  from  bottle  4.  The 
increase  of  weight  in  bottle  3  at  the  end  of  a  given  time  (fi.g.,  an  hour) 
is  the  weight  of  water  given  off  by  the  animal  in  that  time;  the  in- 
crease of  weight  in  bottles  4  and  5  weighed  together  gives  the  amount 
of  carbonic  acid  produced  by  the  animal  in  the  same  time. 

Ranko  gives  the  following  numbers  from  experiments  made  on  a 
man,  who  was  taking  a  mixed  diet  consisting  of  100  grammes  of 
proteid,  100  of  fat,  and  250  of  carbohydrate  in  the  twenty -four  hours. 
The  amount  of  oxygen  absorbed  in  the  same  time  was  666  grammes ; 
of  which  560  passed  off  as  carbonic  acid,  9  in  urea,  19  as  water 
formed  from  the  hydrogen  of  the  proteid,  and  78  from  that  of 
the  fat. 

Viorordt  from  a  number  of  experiments  on  human  beings  gives 
the  following  numbers:  the  amount  of  oxygon  absorbed  in  the 
twenty-four  hours,  744  grammes ;  this  leads  to  the  formation  of  900 
grammes  of  carbonic  acid  (this  contains  about  half  a  pound  of  carbon) 
and  360  grammes  of  water. 

The  respiratory  interchange  is  lessened  during  sleep.  It  is  especi- 
ally small  in  the  winter  sleep  of  hibernating  animals. 

Ctreumttaneti  ojftrtiny  tin  amount  of  sardonic  ncUI  r-rertttd.  (a)  Atft  and  *«r. 
In  males  the  quantity  increases  with  growth  till  the  ape  of  30  ;  at  50  it  begins  to 
diminish  again.  In  females  the  decrease  begins  when  menstruation  ceases.  In 
females  the  quantity  exhaled  us  always  less  than  in  males  of  the  same  age. 

(b)  R**ptratortf  muvtment*. — The  quicker  the  respiration  the  smaller  is  the  pro- 
portionate quantity  of  carbonic  acid  In  each  volume  of  expired  air.  The  total 
quantity  is.  howe\cr,  increased,  not  because  more  is  formed  in  the  tissues,  hut 
more  is  got  rid  of.  The  last  portion  of  the  expired  air  which  comes  from  the  more 
remote  parts  of  the  lungs  is  the  richest  in  carbonic  acid. 

(c)  External  ttm/nraturi .  —  In  cold-blooded  animals,  a  rise  in  the  external 
temperature  causes  a  rise  in  their  body  temperature,  accompanied  with  increased 
chemical  changes,  including  the  formation  of  a  larger  amount  of  carbonic  ocid.  In 
warm-blooded  animals,  it  is  just  the  reverse ;  in  cold  weather  the  body  temperature 
has  to  be  kept  at  the  normal  level,  and  so  increased  combustion  is  necessary. 

(d)  Food. — This  produces  an  increase  which  usually  comes  on  about  an  hour 
after  a  racaL 

(e)  Exere'u*. — Moderate  exercise  causes  an  increase  of  about  80  to  40  per  cent 
in  the  amount  excrete<l.     With  excessive  work,  the  increase  is  still  greater. 

Diffusion  of  Oases  within  the  Lungs. — If  two  chambers  con- 
taining a  mixture  of  gases  in  unequal  amount  are  connected  together, 
a  slow  movement  called  diffusion  takes  place  until  the  percentage 
amount  of  each  gas  in  each  chamber  is  the  same.  Let  us  suppose 
that  one  chamber  contains  a  large  quantity  of  oxygen  and  a  small 
quantity  of  carbonic  acid ;  and  the  other  a  small  quantity  of  oxygen 
and  a  large  quantity  of  carbonic  acid ;  the  oxygen  moves  from  the 
first  to  tha  second,  and  the  carbonic  acid  from  the  second  to  the  first 
chamber.    The  pressure  of  a  gas  is  proportional  to  the  percentage 
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amount  in  which  it  is  present  in  a  mixture.  This  is  true  for  each  gas 
in  a  mixture,  the  presence  of  the  others  making  no  difference. 

In  tho  atmosphere,  for  instance,  the  total  barometric  pressure  is 

7G0  mill,  of  iiirtviii  y  ,   tin"  :iiiiiM::ir.  of  00EJOBD  in  the.  air  is.  roughly  0116- 

fifth,  and  the  pressure  it  exercises  is  also  one-fifth  of  760;  tin-  nitftv 
gen  accounts  for  the  other  four-fifths.  The  carbonic  acid  is  present 
m  such  small  quantities  that  the  pressure  it  exercises  is  only  a  frac- 
tion of  a  millimetre. 

In  the  aiveoLu  ail  (which  cart  be  obtained  by  catheterisation)  the 
carbonic  aciil  is  pit:  sent  in  larger  and  the  oxygen  in  smaller  amount ; 
mid  in  tho  iut,..-.niii'.cli,ito  all  passages  thoro  is  an  intermediate  eoi 
tion :   hence,  as  in   tho    two   chambers   we  first   consider  i^en 

diffuses  down  to  the  air  vesieW,  an''  Ottrbonio  acid  from  thf-m.  These 
movements  are,  however,  by  themselves  too  slow  to  lie  efficient,  and  are 
assisted  by  the  large  draughts  which  are  created  in  the  respiratory 
trait  by  tho  respiratory  movements  of  tho  chest. 

Catheterisaiiim  uf  <li,  t<m,,3. — In  animals  determinations  of  the  composition  of 
the  alveolar  ;t  it-  have  been  m  Ufa  ll]  -m  unlmli-il  portion  uf  HM  hlM  by  i'llii^er's  lung 
catheter.  This  consists  of  a  tine  clastic  esthete  surrounded  b\  ;i  tube  with  an 
enlargement  buwidl  'lie  free  encL  It  is  Introduced  through  the  dog'*  trachea  into 
a  bronchus,  and  it  must  be  sninll  enough  to  allow  air  to  pass  freely  to  other  parts 
of  the  lung.  The  rubber  enlargement  is  then  inflated;  til  is  shuts  off  a  portion  of 
the  lung,  from  which  the  alveolar  air  is  thin  withdrawn  by  Uie  inner  tulie.  In  sueli 
experiments,  the  alreolnr  air  was  found  to  contain  3-5  per  emit  of  carbon  dioxide. 
whereas  the  c\|up-:I  :ur  contained  'J  s  per  cent  The  number  3-5  is  higher  than 
normal,  for  under  the  conditions  of  the  experiment  it  wis  undiluted  with  any  tidal 
air.  Analysis  of  the  air  so  obtained  gives  its  composition  after  nn  equilibrium  has 
been  set  up  with  the  gases  of  the  blood,  which  is  p6MtQ£  through  Hie  oedfldod  por- 
tion of  the  lung. 

Gases  of  the  Blood. —  From  100  volumes  of  blood,  about  60 
volumes  of  gas  can  bo  removed  by  the  mercurial  air-pump.  The 
average  composition  of  this  gas  in  dog's  blood  is: — 


Oxygen . 

Nitrogen 
Carbonic  acid 


fcxttfttJ  faiooA 

1  to  2 
40 


VenoQ*  blood. 

8  to  12 

1  to  2 

48 


The  nitrogen  in  the  blood  is  simply  dissolved  from  the  air  just  as 
water  would  dissolve  it;  it  has  no  physiological  importance.  The 
other  two  gases  are  present  in  much  groator  amount  than  can  be 
explained  by  simple  solution ;  they  are,  in  fact,  chiefly  present  in 
looso  chemical  combinations.  Less  than  one  volume  of  the  oxygen 
and  about  two  of  carbonic  acid  are  present  in  Biinple  solution  in 
tho   |»l.isma. 

Oxygen  In  the  Blood. — The  amount  of  gas  dissolved  in  a  liquid 
varies  with  the  pressure  of  the  gas;  double  the  pressure  and  the 
amount  of  gas  dissolved  is  doubled.  Tho  oxygen  of  the  blood 
does  not  vary  directly  with   oxygen   pressure,  for   the  amount  of 
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that  gas  in  simple  solution  forms  only  a  small  fraction  of  the  total 
present.  This  small  amount  is  of  course  doubled  by  doubling  the 
pressure,  but  such  an  increase  is  insignificant,  the  bulk  of  the 
oxygen  being  in  chomical  union  with  hemoglobin.  The  oxygon  of 
oxyhemoglobin  can  be  replaced  by  equivalent  quantities  of  other 
gases  like  carbonic  oxide.  The  tension  or  partial  pressure  of 
oxygen  in  the  air  of  tho  alveoli  is  loss  than  that  in  the  atmosphere, 
but  greater  than  that  in  venous  blood ;  hence  oxygen  passes  from  the 
alveolar  air  into  the  blood-plasma;  the  oxygen  immediately  oombisfli 
with  the  haemoglobin,  and  thus  leaves  the  plasma  free  to  absorb  more 
oxygen ;  and  this  goes  on  until  the  hemoglobin  is  entirely,  or  almost 
entirely,  saturated  with  oxygon.  Tho  reverse  change  occure  in  the 
tissues  when  the  partial  pressure  of  oxygen  is  lower  than  in  tho 
plasma,  or  in  the  lymph  that  bathes  tho  tissue  okmsDfte;  the  plasma 
parts  with  its  oxygen  to  tho  lymph,  the  lymph  to  tho  tissues ;  the 
oxyhemoglobin  then  undergoes  dissociation  to  supply  more  oxygen  to 
the  plasma  and  lymph,  and  thus  in  turn  to  the  tissues  once  more. 
This  goes  on  until  the  oxyhemoglobin  loses  a  great  portion  of  its 
store  of  oxygen,  but  even  in  asphyxia  it  does  not  lose  all. 

Tho  following  values  are  given  by  Frodericq  for  the  tension  of 
D  in  percentages  of  an  atmosphere.     His  experiments  were  made 
on  dogs. 


External  air 20'Q6 

Alveolar  air 18 

Arterial  blood li 

Tissues 0 


I 


Tho  arrow  shows  tho  direction  in  which  tho  gas  passes. 

When  tho  gases  are  being  pumped  off  from  tho  blood,  very  littlo 
oxygen  comes  off  till  the  pressure  has  been  gre.il.ls  reduced,  .in  I 
at  a  certain  point,  it  is  disengaged  at  a  burst.  This  shows  that  it 
is  not  in  simple  solution  but  is  united  chemically  to  some  constituent 
of  the  blood,  which  is  suddenly  dissociated  at  the  reduced  pressure. 
This  constituent  of  the  blood  is  hemoglobin. 

Tho  avidity  of  tho  tissues  for  oxygen  is  shown  by  Ehrlich's  experi- 
ments with  uiothylene  hluo  and  similar  pigments.  Methylene  blue  is 
more  stablo  than  oxyhemoglobin ;  but  if  it  is  injected  into  the 
circulation  of  a  living  animal,  and  tho  animal  killed  a  few  minutes 
later,  the  blood  is  found  dark  blue,  but  the  organs  (especially  thoRe 
which  like  glandular  organs  are  in  a  state  of  activity)  colourless.  On 
exposure  to  oxygen  the  organs  become  blue.  In  other  words,  the 
tissues  havo  removal  the  oxygen  from  methylene  blue  to  form  a 
colourless  reduction  product;  on  oxposure  to  the  air  this  once  more 
unites  with  oxygon  to  form  mothylono  blue. 

Carbonic  Acid  in  the  Blood — What  has  boon  said  for  oxygen 
lml  Is  good  in  the  reverse  direction  for  carbonic  acid.     Compounds  are 
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formed  in  thn  tissues  whore  tho  tension  of  the  gas  is  high :  these  pass 
into  the  lymph,  then  into  the  blood,  and  in  the  lungs  they  undergo 
dissociation,  carl  tonic  acid  passing  into  tho  alveolar  air,  where  tho 
tension  of  the  ga3  is  comparatively  low.  though  it  is  greater  here  than 
in  the  expired 

The  relations  of  this  gas  and  tho  compounds  it  forms  are  more 
complex  than  in  tho  caso  of  nvvgon.  If  hlood  is  divided  into  plasma 
and  corpuscles,  it  will  he  found  that.  both  yield  carbonic  acid,  but  the 
yield  from  the  plasma  ia  the  greater.  If  we  place  blood  in  a  vacuum 
it  bubbles,  and  gives  out  all  its  gases ;  addition  of  a  weak  acid  causes 
no  farther  Hlteration  of  oarlionie  acid.  When  plasma  or  serum  is 
similarly  treated  the  gas  also  comes  off,  but  about  f>  jior  cent,  of  the 
carbonic  aeid  is  fixed — that  is.it  requires  the  addition  of  some  stronger 
acid,  like  phosphoric  acid,  to  displace  it.  Fresh  rod  corpuscles  will, 
however,  take  the  place  of  the  phosphoric  acid,  and  thus  it  has  been 
surmised  that  oxyhemoglobin  has  the  properties  of  an  acid. 

One  hundred  volumes  of  venous  blood  contain  forty-six  volumes 
of  carbonic  acid.  Whether  this  is  in  solution  or  in  chemical  combina- 
tion is  determined  by  ascertaining  the  tension  of  the  gas  in  tho  blood. 
Ono  hundred  volumes  of  blood-plasma  would  dissolve  more  than  an 
equal  volume  of  the  gas  at  atmospheric  pressure,  if  its  solubility  in 
plasma  were  equal  to  that  in  water.  If,  then,  the  carbonic  acid  were 
in  a  state  of  solution,  its  tension  would  1*  very  high,  but  it  proves  to 
be  only  equal  to  5  per  cent,  of  an  atmosphere.  This  means  that  when 
venous  blood  is  brought  into  an  atmosphere  containing  5  per  cent,  of 
carbonic  acid,  the  blood  neithor  gives  off  any  carbonic  acid  nor  takes 
up  any  from  that  atmosphere.  Tho  instrument  usod  in  such  deter- 
minations is  called  an  ai-ro tonometer  (see  p.  381).  Hence  tho 
remainder  of  tho  gas,  95  per  cent.,  is  in  a  condition  of  chemical 
combination.     Tho  chief  compound  appears  to  ba  sodium  bicarbonate. 

Tho  carbonic  acid  and  phosphoric  acid  of  the  blood  are  in  a  state 
of  constant  struggle  for  the  possession  of  the  sodium.  The  salts 
formed  by  these  two  acids  depend  on  their  relative  masses.  If 
carbonic  acid  is  in  oxcoss,  we  get  sodium  carbonate  (Na^OOs),  and 
mono  flodwmi  phosphate  (NaH„P04);  but  if  the  oaioonia  aeid  is 

diminished,  the  phosphoric  acid  obtains  the  greater  share  of  sodium 
to  form  clisuiiium  phosphate  (Na^HPO,).  In  this  way,  as  soon  as  the 
amount  of  froo  carbonic:  acid  diminishes,  as  in  the  lungs,  the  amount 
of  carbonic  acid  in  combination  also  decreases ;  whereas  in  the  tissues, 
where  the  tension  of  the  gas  is  highest,  a  large  amount  is  taken  up 
into  tho  blood,  where  it  forms  sodium  bicarbonate. 

The  tension  of  the  carbonic  acid  in  tho  tissues  is  high,  but  one 
oannot  giro  exact  figures;  tre  can  measure  tho  tonsion  of  the  gas  in 
certain  secretions:  in  the  m  iuo  it  is  9,  in  thn  bile  7  per  cent.  The 
tension  in  the  colls  themselves  must  bo  higher  still. 
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The  following  figures  (from  Fredericq)  give  the  tension  of  carbonic 
dioxide  in  percentages  of  an  atmosphere : — 

Tissues 6  to »    i  m 

V«a MOQd 3  8  bi  5  4  Jin  dog.  f 

Alreolarair J 

Kxternalair 0"08  ▼ 

Tin  iU:i>  the  -J i !<_•<•  I ii  ri  in  whirl:  fchfl  g&fl  p:ujses,  namely, 

in  in  hi  of  pleasure  from  the  tissues,  i."  the  fttmoephere, 

In  si)i  i  tents,  also  on  dogs,  tbe  following  are  the 

figures  given ! — 

Arterial  blond 2*8    m 

VCDOOI  blood  5'4     T 

Alvenlur  ;ur 8*M     ] 

Expired  air 2-3* 

It  will  be  Been  from  theee  n_  a  the  tension  of  carbonic  u od 

In  the  venous  blood  (54)  is  hiuini  thin  in  the  alveolar  air  (356);  its 
passage  into  the  alveolar  air  is  therefore  intelligible  by  the  laws  of 
rtiffaaion.  Diffusion,  however,  should  cease  when  the  tension  of  the 
gas  in  the  blood  and  alveolar  air  are  equal.  Rut  the  transference  goes 
lx>yond  tho  establishment  of  such  an  equilibrium,  for  the  tension  of 
tho  gas  in  the  blood  continues  to  sink  until  it  is  ultimately  less  (2'8) 
than  in  tho  alveolar  air. 

The  whole  question  is  beset  with  groat difficulties  and.  con  trad  ic- 
tii'iis.     Analyses   by  different   observers   have   g  iy   different 

results,  but  if  such  figures  as  those  just  quoted  are  ultimately  found 
to  bo  correct,  we  can  only  explain  this  apparent  reversal  of  a  law  of 
nature  by  supposing  with  Bohr  that  the  alveolar  epithelium  possesses 
the  power  of  excreting  carbonic  acid,  just  as  the  cells  of  secreting 
glands  are  able  to  Belo  '   BSTtsixi  materials  from  tho  1  I  I   reject 

others.     Recent  work  by  Bohr  and   H.-~ddauo  has  wn   that  in 

all  probability  the  same  explanation — epithelial  activity — must  l>e 
called  in  to  account  for  the  absorption  of  oxygen.  In  the  swim- 
bladdor  of  fishes  (which  is  analogous  to  the  lungs  of  mammals)  I 
oxygon  is  certainly  far  in  excess  of  anything  that  can  be  explained  by 
mere  diffusion.  Tho  storage  of  oxygen,  moreover,  ceases  when  the 
vagus  nerves  which  supply  the  swim-bladder  are  divided. 

The  Afirotonometer.-  Tiiis  instrument  m  invented  by  I'll  >.-er.  ami  of  the 
modinVatii'tiv  that  liavcbc.n  Ultrudoced ftaOB  tbcOi  that  of  Vr.  il.  ri. « i  is.  the  simplest. 
It  merely  consists  of  a  long  glass  tube  surrounded  by  a  water-jacket  at  body 
temperature  Tin  tabc  la  fifll  d  irith  ■  known  mixture  of  gases,  and  the  blood  from 
the  carotid  artery  is  allowed  to  slowly  trickle  down  the  tube ;  the  blood  then  returns 
to  the  jugular  vein.  In  order  that  the  Merriment  may  be  continued  for  an  hour  or 
more,  the  animals  blood  must  be  rendered  incoagulable ;  this  may  be  done  by  a 
prerious  injection  of  ••peptone."  This  has  the  disadvantage  of  lowering  the  car- 
bonic acid  tension  of  the  blood.  Armtli.  r  way  of  rendering  the  blood  incoagulable 
il  to  collect  it,  dcfibnnatc  it,  and  then  return  "it  to  the  circulation.    The  last  step  in 
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tlie  experiment  consists  in  examining  the  OOUiposfflOa  of  the  gases  left  in  the  tube. 
The  principle  upon  which  the  instrument  rests  is  this  t— II  blood  is  brought  into 
contact  Willi  ;i  mixture  of  oxygen,  nitrogen,  and  carbonic  acid  gas,  it  gives  of?  some 
of  its  gases  if  their  partial  pressure  is  greater  in  the  blood  than  the  respective 
tensions  ..f  the  gases  in  tin:  UdltlUCi  if.  on  tlic  otlier  hand. the  tension  is  lower  in 
the  blood  ihiiu  in  the  mixture  for  any  g-is  or  nMB,  the]  pan  from  the  mixture  to 
the  blood.  These  interchanges  go  on  until  equilibrium  is  established.  I'or  example, 
Mipoose  the  a<-rotonorneter  contains  at  tlie  start  10  per  cent.  of  ox_\gcn.  .'■  ofcarlxmic 
acid,  and  85  of  nitrogen.  BIo<k1  is  then  passed  through  it  for  an  hour,  and  the 
gases  are  again  and  the  mixture  thru  ,  oatafna  1  i  percent  of oxyucn.  2*8 

of  carbon  dioxide,  and  the  rest  nitrogen  ;  the  tension  of  oxygen  mid  carbon  dioxide 
in  the  blood  will  then  respectively  be  14  and  2'*  per  oat  o(  an  atmosphere. 

The  Carbonic  Oxide  Method  of  Sstlmatinx  the  Oxygon  Tunxlon  or 
Artorial  Blood. — This  method  was  devised  by  Haldane,  and  is  considered  by  him 
and  Lorrain  Smith  to  give  more  trustworthy  results  than  those  obtained  by  the 
myotonometer,  It  bJOM  ll  SXpOSOd  to  ■  on-.'.  .re  of  cu-boinc  e,.\nle  .mil  Uaygeil,  Um 
Im  moglobin  will  become  saturated  by  thoH  gases  according  to  their  relative 
tensions.  It  i  number  of  experiments  are  |ierformcd  using  different  pttcen 
carbonic  oxide,  the  results  may  be  expressed  graphically  ;is  the  curve  of  dissociation 
nf  carboxyti.T-moglohin  in  mr.  When  lo  DHOfl  of  -in  h  rxixritiicnts  m  ritro,  an 
,il  i.-  mule  to  breathe  air  containing  ■  known  percentage  of  carbonic  Slide. 
tin-  comparison  of  the  saturation  of  its  blood  with  the  saturation  of  its  blood  in 
ritni  exposed  to  the  same  pcn-cuUge  of  carl'  to  in  air  (which  has  an  oxygen 

leii-.Mui  of  20*9  per  cent.)  gives  us  the  means  of  discovering  tin-  oxygen  teuton  In 
the  arterial  blood  of  the  lung  capillaries  ;  this  will  be  higher  or  lower  than  that  of 
the  air  according  as  Uie  saturation  by  carbonic  oxide  is  correspondingly  lower  or 
higher.  A  small  animal  like  a  mouse  is  made  to  breathe  air  containing  a  known 
percentage  of  carbonic  oxide.  After  a  sufficient  time  Uie  animal  is  killed  and  I  he 
amount  of  carboxyhfrmoglobin  is  determined  colori metrically  in  a  drop  of  its  blood. 
The  data  thus  obtained  arc  <  om pared  with  the  data  previously  expressed  in  the 
curve  of  dissociation  of  csriKnEVhuuiuglobin  in  air:  it  is  then  easy  to  calculate 
whether  the  oxygen  tension  in  the  blood  is  higher  or  lower  than  that  of  air.  The 
results  of  the  method  show  generally  that  the  tension  of  oxygen  in  the  artenil 
blood  as  it  leaves  the  lungs  is  higher  than  could  result  from  simple  diffusion  of  the 
oxygen  through  the  alveolar  epithelium :  in  other  words  the  epithelial  cells  are 
capable  of  secreting  oxygen  into  Uie  blood  until  an  oxygen-pressure  is  reached 
lerably  above  that  in  the  alveolar  air. 
The  results  expressol  m  percentages  of  an  atmosphere  are  as  follows:— 
Oxygen  tension  of  arterial  blood  in  man,  385  ;  in  mouse,  93*8;  in  dog,  21  :  in 
cat,  35 -3  :  in  rabbit.  87*6,  and  in  birds.  30  to  50  per  cent  The  results  in  the  case 
of  man  and  larger  anffflalfl  probably  require  revision,  as  it  is  not  certain  that  Uie 
time  allowed  for  the  establishment  of  trie  balance  of  carbonic  oxide  and  oxygen 
has  been  sufficient  in  any  of  the  experiments. 

Tissue  Respiration. — Before  the  processes  of  respiration  were 
fully  understood  the  lungs  were  looked  upon  as  the  seat  of  combus- 
tion ;  they  were  regarded  as  the  stove  for  the  rest  of  the  body  to 
which  offeto  material  was  brought  by  the  venous  blood  to  bo  burnt 
up.  When  it  was  shown  that  the  vonous  blood  going  to  the  lungs 
already  contained  carbonic  acid,  and  that  tho  temperature  of  the 
lungs  is  not  higher  than  that  of  tho  rest  of  tho  body,  this  explanation 
had  of  necessity  to  be  dropped. 

Physiologists  next  transferred  the  seat  of  combustion  to  the 
blood ;  but  since  then  numerous  facts  and  experiments  have  demon- 
strated that  it  is  in  the  tissues  themselves,  and  not  in  tho  blood,  that 
combustion  occurs.    The  methylene-blue  experiments  already  described 
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(p.  379)  show  this;  and  the  following  experiment  is  also  quite 
conclusive.  A  frog  can  be  kept  alive  for  some  time  after  salt  solution 
is  substituted  for  its  blood.  The  metabolism  goes  on  actively  if  the 
I  [fl  kept  in  pure  oxygen.  The  taking  up  of  oxygen  and  giving 
out  of  carbonic  acid  must  therefore  occur  in  the  tissues,  as  the 
animal  has  no  blood. 

Ventilation. — It  is  necessary  to  alludo  in  conclusion  to  this  very 
important  practical  outcome  of  our  con- 
sideration of  rosph.ii 

Some  Continental  observers  hive 
stated  that  certain  noxious  substances 
are  ordinarily  contained  in  expired  air 
which  aro  much  more  poisonous  than 
carbonic  acid,  but  researches  in  this 
country  have  failod  to  substantiate  this. 
If  precautions  be  taken  by  absolute  clean- 
liness to  prevent  admixture  of  the  air 
with  oxhalations  from  skin,  teeth,  and 
clothes,  the  expired  air  only  contains  one 
noxious  substance,  and  that  is  carbonic 
acid. 

Absolute  cleanliness  is,  however,  not 
.  and  t.ln !  nii'  ef  rooms  be© 
stuffy  when  the  amount  of  oxpirod  air  in 
them  is  just  so  much  as  to  raise  the  per- 
centage of  carbonic  acid  to  01  per  cent. 
An  adult  gives  off  about  06  cubic  feet 
of  carbonic  acid   per  hour,  mnl  if   ho  i9 
supplied  with  1000  cubic  feet  of  Creel] 
air  per  hour  he  will  add  00  to  the  04 
l  ul  lie  foot  of  carbonic  acid  it  alrea<i ,     on 
tains ;   in  other  words,  the  percentage  of 
tliat  gas  will  be  raised  to  01.     An  hourly 
supply  of   2000   cubic  foot  of  fresh  air 
will     lower    the   percentage   of    carbonic 
acid  to  007,  and  of  3000  cubic  feet  to 
000,  and    this   is    the   supply    which    is 
usually  recommended.     In  order  that  the  air  may  1»  renewed  with- 
out giving  rise  to  draughts,  each  adult  should  be  allotted  soffii 
space  in  a  room,  at  least  1000  cubic  feet. 


Vio.  it?.— L*id»ig'»  ICtrrurl*!  Putnj>. 


The  Mercurial  Air-Pump. 
The  extraction  of  the  gases  from  the  blood  is  accomplished  by  means  of  ■ 
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sists  of  two  fixed  glass  globes,  f?  and  P,  the  upper  one  communicating  by  means  of 
the  stopcock.  l>.  and  a  stout  lndmruhbcr  tube  with  another  gloss  globe.  L,  which 
can  be  ratted  or  lowered  by  means  of  a  jiulley  ;  it  also  com  I  iy  means  of  a 

stopcock,  li,  nnd  a  bent  glass  tube.  A,  with  a  gas  receiver  (not  represented  In  the 
figure);  A  dips  into  a  bowl  of  mercury,  so  that  the  gas  may  be  received  over 
mercury,  The  lower  globe,  P»  coiimmmi-ates  with  (7  by  means  of  the  stopcock,  /,*. 
with  /.  in  wliich  the  blood  is  contained  by  the  stopcock.  (J.  and  n  1U1  a  movable  glass 
globe  If,  similar  In  /..  In    means  of  the  stopcock.  //.  ami  the  stout  indiarubber 

babe,  K. 

In  order  to  work  the  pump.  L  and  M  are  filled  with  mercury,  the  blood  from 
which  the  gases  are  to  be  extracted  is  placed  in  the  bulb  /,  the  stopcocks,  //.  /;'.  /'. 
and  li.  being  open,  and  G  closed.     If  la 
iienns  of  thr  iiulli  \  until  /-'is 
full   of   mercury,  and  the  air  i 
out  ;  E  is  then  closed,  and  L  is  raised 
sn  Unit  C  becomes  full  of  mercury,  ami 
the  sir  is  driven  off.     B  is  then  closed. 
On  towering  L  the  mercury  runs  into  it 
Ikon  <  *,and  a  vacuum  is  established  in  C. 
On  opening  E  and  lowering  .V,  a  vacuum 
liUrij  established  in  r  -.  if  01a  now 
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opened,  the  blood  in  /  will  cuter  into  ebullition,  and  the  gases  will  pass  off  into 
t  and  C,  anil  OH  raising  M  mill  then  /.,  the  BiOPCOCk  B  being  opened  and  O  closed, 
tl»e  gas  is  driven  through  A,  and  is  received  into  the  receiver  over  mercury.  By 
ri)n  ilini:  this  oitcrutiou  several  tiux  •  the  VBOM  of  the  gases  of  the  specimen  of 
blood  is  obt'im.-<l.  and  mag  b> 

The  very  simple  air-pump  [flg,  33b)  devised  by  Leonard  Hill  will  be.  however, 
amply  sufficient  for  most  purimscs.     it  DODStsta  of  three  glass  bulbs;  (B.B.),  which 
we  will  call  the  Mood  bulb  .  this  is  closed  above  by  a  piece  of  tubing  and  a  clip,  a  ; 
.  onncctcd  by  good  indiarubber  tubing  to  another  bulb,  >l.  how- 

ever, there  is  a  stopcock  with  two  ways  rut  through  it :  one  by  means  of  whk-h  H.  1$. 
and  d  may  be  connected,  as  in  the  figure  |  and  another  seen  in  section,  which  unites 
d  to  Uie  tube  «,  when  the  stopcock  is  turned  through  s  right  angle.     In  intermediate 
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positions,  the  stopcock  cuts  off  all  communication  from  J  to  all  parts  of  the  apparatus 
above  it ;  d  is  connected  by  tubing  to  a  receiver.  It,  whieh  can  be  raised  or  lowered 
at  will.  At  first  the  whole  apparatus  is  filled  with.  n»n-ury,  K  l>eing  rnis«  &  Tin  n, 
a  being  closed.  R  is  lowered,  and  when  it  is  mon  than  the  height  of  the  Iwirometcr 

iSO  inches)  below  the  top  of  B.  B.  the  mercury  falls  and  leaves  the  blond  hnlli 
>y  lowering  R  still  further,  d  can  also  1)<-  rendered  a  v ...  mini  \  fat  drops  of 
mercury  should  be  left  behind  in  B.B.  B. B.  is  then  rtfttmhnrl  from  the  rest  oj  the 
apparatus  and  weighed,  the  clips,  a  ami  />.  being  tight!  \  closed.  Blood  is  then 
introduced  into  it  by  connecting  the  tut>e  with  the  i  hp  a  un  it  to  a  cannula  filled 
with  blood  inserted  in  an  artery  or  vein  of  a  living  animal.  Knnugh  blii.nl  is  aiIIi 
drawn  to  fill  about  half  of  one  of  the  bulbs.  This  is  defibrinated  by  slinking  it  with 
the  few  drops  of  mercury  left  in  the  bulbs.  It  is  then  weighed  again  :  the  increase 
of  weight  gives  the  amount  of  blood  which  is  being  invi  stignted.  B.B,  is  then 
ooce  more  attached  to  the  rest  of  the  apparatus,  hanging  downwards,  as  in  the  side 
drawing  in  fig.  338,  and  the  blood  gases  boiled  off;  these  pass  into  d,  which  has 
been  made  a  vacuum  ;  and  then  bj  raising  R  again,  the  mercury  rtoet  in  ,i,  pushing 
the  gases  in  front  of  it,  through  the  tul»c.  t  (the  stopcock  being  turned  in  the  proper 
direction).  Into  the  i  miiiuml.  r,  K,  which  has  been  filled  with  and  pl>C<M  over 
mercury.     Tlie  gas  can  then  be  measured  and  analysed. 

Gaa  analysis.  —  There  arc  many  pieces  of  apparatus  devised  for  this  purpose. 
In  physiology,  however,  we  have  generally  to  deal  with  only  three  gases,  oxygen, 
nitrogen,  and  carbonic  acid. 

Waller's  modification  of  Zuntt's  more  complete  apparatus  will  be  found  very 
useful  in  performing  gas  analysis,  say.  of  the  expired  air.  or  of  the  blood  gases'. 
A  100  c.c.  measuring-tube  graduated  in  tenths  of  a  cubic  centimetre  between  7" 
and  100  ;  a  filling  bulb  (A)  and  two  gas  pipettes  arc  connected  up  as  in  the  diagram 
(fig.  839). 

It  is  first  charged  with  acidulated  water  up  to  the  xero  mark  by  raising  the 
filling  bulb,  tap  1  being  open.  It  is  then  filled  with  100  cc.  of  expired  air,  tin: 
filling  bulb  being  lowrreil  till  the  liuld  in  the  tube  has  fallen  to  the.  1(H)  mark.  Tap 
1  is  now  closed.  The  amount  of  carbonic  acid  in  the  expired  air  is  next  ascertained  ; 
tap  2  is  opened,  and  the  air  is  expelled  into  the  gas  pipette  containing  strong  caustic 
potash  solution  b  the  filling  bulb  until  the  lluid  bu  risen  to  the  too  mark 

of  the  measuring  tube,  lap  8  is  closed,  ami  the  air  left  in  the  gas  pipette  for  a 
few  minutes,  duriiu;  whirh  the  carbonic  arid  is  absorbed  by  the  potash.  Tt] 
then  opened  and  the  air  drawn  back  into  the  measuring  tnlx.-  by  lowering  the  tilling 
bulb.  The  volume  of  air  {minus  the  carbonic  acid)  is  read,  the  filling  bulb  being 
adjusted  so  that  its  contents  are  at  the  same  level  as  the  Ruid  in  ih< 
tube.  The  amount  of  oxygen  is  next  ascertained  in  a  precisely  similar  manner  by 
.sending  the  air  into  the  other  gas  pipette,  which  contains  sticks  of  phosphorus  in 
water,  and  measuring  the  Iobs  of  volume  (due  to  absorption  of  oxygen)  in  Ujc  air 
when  drawn  back  into  the  tube. 
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The  body  is  built  up  of  a  large  number  of  chemical  elements,  whi-  h 
aro  in  moat  instances  united  together  into  compounds. 

The  elements  found  in  the  body  are  carbon,  nitrogen,  hydrogen, 
oxygen,  sulphur,  phosphorus,  fluorine,  dhlorioe,  fading  silicon,  sod 
potassium,  calcium,  magneafaittj  lithium,  ire  illy  traces 

of  manganese,  copper,  and  lead. 

Of  thoso  very  few  occur  in  the  free  state.     Oxygon  (to  a  BD 
extent^  and  nitrogen  are  found  dissolved  in  the  blood ;  hydrogen  is 
f.trniM'l  by  putrefaction  in  the  alimentary  canal.     With  some  few 
|  tions  such  as  these,  the  elements  enumerated  above  are  found 
combined  with  one  another  to  form  what  aro  called  compounds. 

The  compounds,  or,  as  they  an  ly  termed  in  physiology, 

the  i  ■■■«  principle-*,  found  in  the  body  are  divided  into — 

(1)  Mineral  or  inorganic  compounds. 

i    |  Organic  compounds,  or  compounds  of  carbon. 

The  inorganic  compounds  present  are  water,  various  acids  (such 
M  hydrochloric  acid  in  the  gastric  juice),  ammonia  (as  in  the  urine), 
and  numerous  salts,  such  as  calcium  phosphate  in  bono,  sodium  chlorido 
in  blood  and  urino,  and  many  others. 

Tho  organic  compounds  are  more  numerous;  they  may  bo  sub- 
■li\  idod  into — 

il'roithit—  e,ij.  nil  mi  mi  n,  myosin,  cn.si.-in, 
I  Ji''Hnu,n.i,l< — .</.  gelatin,  ckstin. 
Simpltr    nifroywieM     botUtt-  $•/>    Inithin, 
cnaHba 


cllOUS 


Non-nitrogenous 


I' 

(Fut*  —  '.n.  hiillir.  hh  ol  adipose  tissue. 

sugar,  starch. 
I  Simp  ■■"--r.:j.  i -hoU'sterin,  lactic 


ucids. 


The  stibdh  i.-inii  uf  organic  proximate  prinolplee  into  proteids,  fats, 
ami  OBtbehjdratefl  forms  tho  starting-point  of  chemical  physiology. 

Carbohydrates. 

The  Carbohydrates  are  found  chiefly  in  vegetable  tissues,  and 
many  of  them  form  important  foods.     Some  carbohydrates  are,  how- 

•M 
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ever,  found  in  or  formed  by  the  animal  organiam.  The  moet  important 
of  these  are  glycogen,  or  animal  starch ;  dextrose ;  and  lactose,  or  milk 
sugar. 

The  carbohydrates  may  bo  conveniently  defined  as  compounds  of 
carbon,  hydrogen,  and  oxygon,  tho  two  last  named  elements  being  in 
the  proportion  in  which  thoy  occur  in  water.  But  this  definition  is 
only  a  rough  one,  and  if  pushed  too  far  would  include  many  substances 
like  acetic  acid,  lactic  acid,  and  inosite,  which  are  not  carlxihydrates. 
Research  has  shown  that  the  chemical  constitution  of  the  simplest 
carbohydrates  is  that  of  an  aldehyde,  or  a  ketone,  and  that  the  more 
complex  carbohydrates  are  condensation  products  of  the  simple  ones. 
Id  ordor,  therefore,  that  we  may  understand  tho  constitution  of  these 
substaucos,  it  is  first  necessary  that  we  should  understand  what  is 
ttm  tanni  tldehjtie  und  ketone. 

A  primary  alcohol  is  one  in  which  the  hydroxy!  (OH)  is  attache*  I 
to  tho  last  carl.wn  atom  of  the  chain  ;  its  end  grouj  i.s  (  ir,OH.  Thus 
the  fonnula  for  common  alcohol  (primary  ethyl  alcohol 

CH3.CH,OH. 

The  formula  for  the  next  alcohol  of  the  same  series  (primary 
propyl  alcohol)  is 

ui:i  i  ii.  cHjOa 

If  a  primary  alcohol  is  oxidised,  the  first  oxidation  product  is 
i  ailed  an  aldehyde  ;  thus  ell.  1  yields  acetic  aldohydo: — 

CH..CH.OH   +  O  -   CH3.CHO   +    H.O. 

[Ethyl  alco&ol.]  [  AMOS  »W«bj. V  1 

The  typical  end-group  CHO  of  the  aldohydo  is  not  stable,  but  is 
easily  oxidisable  to  form  the  group  COOH.  and  the  compound  so  formed 
is  called  an  acid ;  in  this  way  acetic  aldohydo  forms  acetic  acid : — 


CHa.CHO    -f-   O 

Ucet»c»H«l-)r-l-  i 


ci  I    COOH. 

[Aortic  iciii.) 


The  majority  of  tho  simple  sugars  are  aldohydos  of  more  com  | 
alcohols  than  this ;  they  are  spoken  of  as  aldoses.     The  readiness  with 
which  aldohydea  are  oxidisable  renders  them  |»oworful  reducing  agents, 
and  this  furnishes  us  with  some  of  the  tests  for  the  sugars. 

Lot  us  now  turn  to  the  case  of  the  ketones.     A  secondary  ah 
is  one  in  which  i  DODO  is  attached  to  a  control  carbon  at  no  , 

thus  secondary  propyl  alcohol  has  tho  fm  inula 


CH...CHOH.CH 


r 


Its  typical  group  is  therefore  CIIOIL     When  this  is  oxidised,  tho 
first  oxidation  product  is  called  a  ketone,  thus : — 

Cfl  .<  IIOH.CH,  +  O  «  CH..CO.CH 

[Secondary  |>ro|>vl  •Irotvol.)  (I"ro|ijrI  k«tOM.] 
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It  therefore  contains  the  group  CO  in  the  middle  of  the  chain. 
Some  of  the  Biigara  are  ketones  of  more  complex  alcohols ;  these  are 
called  kctosts.  The  only  one  of  these  which  in  of  physiological  interest 
ia  lovulose. 

The  alcohol:,  of  wluih  wo  have  already  spoken  are  called  monaiomic, 
because  they  contain  only  one  OH  group.  Those  which  contain  two 
OH  groups  (like  glycol)  aro  called  diatomic;  those  which  contain 
three  OH  groups  (like  glycerin)  are  called  triatoniic ;  and  so  on.  The 
hexatomic  a!  are  those  which  contain  six  OH  groups.     Three 

of  these  hexatomic  alcohols  with  the  formula  C6H8  (OH)0  are  of 
physiological  interest ;  they  are  isomeridr.s,  and  their  names  are  sorbite, 
maunite,  and  dulcite.  By  careful  oxidation  their  aldehydes  and 
ketones  can  be  obtained;  these  are  the  simple  sugars;  thus,  dextrose 
is  the  aldehyde  of  aorbito;  inaunose  ia  the  aldehyde  of  mannite; 
levuloae  is  the  ketotio  of  mannite;  and  galactose  is  the  aldehyde  of 
dulcito.  These  sugars  all  have  the  ompirical  formula  C0H12Ofl.  The 
constitutional  formula  for  duxtrose  is: — 

H       H       H       H       H       H 

h_J_<UL-L_L-J 

i     i    i    i    i     i 

OH     OH     OH     OH     OH      0 

By  Farther  oxidation,  the  sugars  yield  acids  witli  various  names. 
If  we  take  such  a  sugar  as  a  typical  specimen,  we  see  that  thoir  ge 
fonnula  is 

and  as  a  gonoral  rule  n  =  m ;  that  is,  tho  number  of  oxygen  and  carbon 
atoms  aro  equal.  This  numljer  in  the  case  of  tho  sugars  already 
mentioned  is  six.     Honco  they  are  called  hexoses. 

Sugars  lire  known  to  chemists.  In  which  this  number  is  3,  4,  5,  7,  etc.,  »nd 
these  urc railed  trioses,  tetroscs,  pcutoscs,  heptoscs,  et>  Tin.-  m  ip-r.ty  of  these 
hive  no  I'hyslologtail  Interest-  It  should,  however,  be  mentioned  that  a  peutose 
hus  been  obtained  from  the  nuclcoproteid  of  the  pancreas,  of  the  liver,  and  of  yeast. 
If  the  pcutoscs  th.it  ure  found  in  various  plants  arc  /riven  to  an  animal,  they  are 
excreted  in  great  measure  unchanged  in  tlie  urine. 

The  hexoses  are  of  great  physiological  importance.  The  principal 
ones  are  doxtroso,  levuloso,  and  galactose.  These  are  called  mono- 
saccharides. Another  important  group  of  sugars  are  called  disac- 
charidts ;  these  are  formed  by  what  is  called  condensation ;  that  is, 
two  molecules  of  monosaccharide  combine  together  with  the  luss  of  a 
molecule  of  water,  thus: — 

c0h„o6  +  cftA  -  ' '  "  Ai  i   Ht0. 

The  principal  mombers  of  the  disaccharide  group  are  cane-sugar, 
lactose,  and  maltose.     If  more  than   two  molecules  of  tho  mono- 
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saccharide  group  undergo  a  correspond!  n  nsstinft,  WS  got  wlmt 

are  called  polysaccluxr. 


,fi- 


(Cf*uPd*  +  ""A 


Tho  polysaccharides  are  starch,  glycogen,  various  dextrins,  colln- 
loae,  and  gums.  Wo  may,  thoroforo,  arrango  tho  important  oarbo- 
hydratea  of  tho  hoxoao  family  in  a  tabular  form  na  follows: — 


1.  MoMMaeohartdcs  or 
OluoOMa.  C.11,,0,. 

S.  litarcharMrt,  Kottom*, 
vi  Im  haxm  •■ 

s.  PolymccbftrMM  or  Amy- 
te»CC,ll,.Q,)«. 

+  Dextrose. 
Levulose. 
-  Gifo-toie. 

t  Cane  sugar. 
1  .-irtrtsc. 

.  Maltose. 

staith. 
(.lycneen. 

-  Dextrin. 

Cellulose. 
Gums. 

Tho  +  and  —  signs  in  the  above  list  indicate  that  the  substances 
to  which  they  are  prefixed  are  dextro-  and  levo-mtatnry  respectively 
as  regards  polarised  light.  (See  Pelvimeter,  p  404.)  The  formula 
given  above  are  merely  empirical ;  the  quantity  n  in  the  starch  group 
is  variable  ami  often  largo.     The  following  are  tho  eh  ]  in 

relation  to  each  of  the  principal  oaibohvdi.iu  s 

Dextrose  or  Grape  Sugar.  This  carbohydrate  is  found  in  ft  nils. 
honey,  and  in  minute  quantities  in  the  blood  and  numerous  tissues, 
organs,  and  fluids  of  the  body.  It  is  the  form  of  sugar  found  in  large 
quantities  in  the  blood  and  urino  in  tho  disease  known  as  dial* 

Dextrose  is  soluble  in  hot  and  cold  water  and  in  alcohol.  It  is 
crystal  linn,  but  not  so  sweet  as  cane  sugar.  When  heated  with  strong 
potash  certain  complex  acids  are  formed  which  have  a  yellow  or 
brown  colour.  This  constitutes  Afoore's  test  for  sugar.  In  alkaline  solu- 
tions dextrose  reduces  salts  of  silver,  bismuth,  mercury,  and  copper. 
The  reduction  of  cupric  to  cuprous  salts  constitutes  Trammer'*  test, 
which  is  performed  as  follows:  put  a  few  drops  of  coppeT  sulphate 
into  a  test-tube,  then  solution  of  dextrose,  and  then  strong  caustic 

Sotasli.      On  adding  the  potash  a  precipitate  is  lirst  formed  which 
issolvos,  forming  a  blue  solution.     Ou  boiling  this  a  yellow  or  red 
precipitate  (cuprous  hydrate  or  oxide)  forma 

On  boiling  a  solution  of  dextrose  with  an  alkaline  solution  of 
picric  acid,  a  dark  red  opaque  solution  duo  to  reduction  to  picramic 
sold  is  produced. 

Another  important  property  of  grape  sugar  is  that  under  the 
influence  of  yeast  it  is  converted  into  \   and  carbonic   acid 

(C0HI1O(I  =  2C4HflO  +  2COs> 

Dextrose  may  l»o  estimated  by  the  fermentation  test,  b\  tin 


1 


meter,  and  by  the  use  of  Fehling's  solution.  The  last  method  is  the 
most  important:  it  rosts  on  the  same  jiriin  ijilea  aa  Trommor's  tost, 
and  wo  shall  study  it  in  connection  with  dial  otic  urine. 

Levulose. — When  cane  sugar  is  treated  with  dilute  mineral  acids 
it  undergoes  a  process  known  as  inversion — i.e.,  it  takes  up  water  and 
is  converted  into  equal  parts  of  dextrose  and  levulose.  The  previously 
doxtro-rotatory  solution  of  cano  sugar  then  becomes  levo-rotatory,  the 
levo-rotatory  powor  of  the  levulose  being  greater  than  the  d< 
rotatory  power  of  tho  dextrose  formed.  Hence  the  term  inversion. 
The  same  hydrolytio  change  is  produced  by  certain  ferments,  such  as 
the  invert  ferment  of  the  intestinal  juice. 

Pure  levulose  can  be  crystallised,  but  so  great  is  the  difficulty  of 
obtaining  crystals  of  it  that  ono  of  its  names  was  unerystall 
sugar.  Small  quantities  of  lovuloso  havo  been  found  in  blood,  urine, 
and  muscle.  It  has  boon  recommended  as  an  articlo  of  diet  in  diabetes 
in  place  of  ordinary  sugar ;  in  this  diseaso  it  does  not  appear  to  havo 
the  harmful  effect  that  other  sugars  produce.  Lovuloso  gives  tho  samo 
general  reactions  as  dextrose. 

Galactose  is  formed  by  tho  action  of  dilute  mineral  acids  or  in- 
verting ferments  on  lactose.  It  resembles  dextrose  in  its  action  00 
polarised  light,  in  reducing  cupric  Baits  in  Trommer's  test,  and  in  Ixung 
directly  fermentable  with  yeast.  "When  oxidised  by  meaus  of  nitric 
acid  it  yields  an  acid  called  mucic  acid  (C.dl^O,),  which  is  only  slightly 
soluble  in  water,  Dextrose  when  treated  m  anew*]  violas  as  iso- 
meric acid — («.,  an  acid  with  tlio  samo  empirical  fonauj*,  Called  sac- 
charic ac'ul,  wbiVh  is  very  soluble  b 

Cane  Sugar  is  gonorallv  distributed  in  the  vegetable  kingdom, 
but  especially  in  the  juices  of  the  sugar  cane,  beetroot,  mallow,  and 

sugar  maple.     It  is  a  BnbstaBCC  of  great  importance  as  a  I I.     It. 

undergoes  inversion  in  (bo  alimentary  canal.  It  is  crystalline,  and 
dextr  iy.     With  Trommer's  test  it  gives  a  blue  solution,  but 

no  reduction  occurs  in  1 -oiling.  After  inversion  it  is,  of  course, 
strongly  rednmng. 

Enversioo  may  be  aooompUshed  by  boiling  with  dilute  mineral 

it  bj  moans  of  inverting  ferments  such  as  that  occurring  in  the 

intestinal  juice.      I!   I  bflD  bakes  up  water,  and  is  split  into  equal  parts 

of  dextrose  and  levulose. 

( •     li    p  Hfi   -    („H,.0,;    +    £*VV 

[Omi»»»,  lL*vuk»o.] 

With  yeast,  cane  sugar  is  first  invertod  by  means  of  a  special  soluble 
formeut  secreted  by  the  yoast  colls,  and  then  there  is  an  alcoholic 
formontation  of  the  'Jurosos  so  formed. 

Lactose,  or  Milk  Sugar,  occurs    in    milk.      It    is   occasionally 
I  in  the  urine  of  women  in  the  early  days  of  lactation,  or  after 
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weaning.  It  is  crystallisablo,  dextro-rotatory,  much  less  soluble  in 
water  than  other  sugars,  and  has  only  a  slightly  sweet  taste.  It 
gives  Troinmer'8  test,  but  when  tho  reducing  power  is  tested  quanti- 
tatively by  Folding's  solution  it  is  found  to  bo  a  less  powerful  reduc- 
ing agent  than  dextrose,  in  the  proportion  of  7  to  10. 

When  hydrolysod  by  similar  agencies  as  those  meutioned  in 
nection  with  cane  sugar,  it  takes  up  water  and  splits  into  dfiXtrOM 
and  galactose. 


C.-H.1.(>„    | 


I  I  .«  ) 


1 


[i.A\»eU—.\ 


With  yeast  it  is  first  inverted,  and  then  alcohol  is  formed.  This,  how- 
ever, occurs  slowly. 

Tho  lactic  acid  fermentation  which  occurs  when  milk  turns  sour  in 
brought  about  by  lactic  acid  micro-organisms  which  are  BOmewfa&t 
similar  to  yeast  colls.     Putrefactive  bacteria  In  llw  intestine   in 
about  the  same  result    Tho  two  stages  of  the  lactic  acid  fermentation 
are  represented  in  the  following  equations: — 

(1)  C   TI„Ou    +    lip   -    4(    If- 

|U<-U*«.]  [Urtic»n  I  | 

(2.)  4C,H,0,    -    -'«.  .ll.i .».  ICO     -t-    4H2. 

[luetic  mM. I  (Butyric  »cW.| 

Maltose  is  the  chief  end  product  of  the  action  of  malt  diastase  on 
star-  b,  In  formed  as  an  intermediate  product  in  the  action  of 

dilute  Bulphuric  acid  on  the  same  substance.  It  is  the  chief  sugar 
formed  tram  starch  by  tho  diastatic  ferments  contained  in  the  saliva 
and  pancreatic  juice.  It  can  1»e  obtained  in  tho  form  of  acicular 
crystals,  and  is  strongly  dextro-rotatory.  It  gives  Trommer's  test ; 
but  its  reducing  power,  as  measured  by  Fehling's  solution,  is  one-third 
less  than  that  of  dextrose      With  yeast  it  yields  alcohol. 

By  prolonged  boiling  with  water,  or,  more  readily,  by  boiling  with 
a  dilute  mineral  acid,  or  by  means  of  an  inverting  ferment,  such  as 
occurs  in  the  intestinal  juice,  it  is  converted  into  dextrose. 

(•,,»!...(),,    +    HO         JC,  II,  I 

[fUtfi  (DeiUunr.j 

Phenyl  Hydrazine  Teat. — Tho  three  ii  rudueing  sugars 

with  which  we  have  to  deal  in  physiology  are  dextrose,  lactose,  and 
maltose.  They  may  bo  distinguished  by  their  relative  rediu ang 
powers  on  Fehiinu's  solution,  or  bj  tho  characters  of  their  osazones. 
The  osazone  is  formed  in  each  case  by  adding  phenyl  hydrazine  hydro- 
chloride, and  sodium  acotato,  and  boiling  tho  mixture  for  half  an  hour. 
In  each  caso  the  osazone  is  deposited  in  tho  form  of  bright  canary- 
oolovred,  needle-like  crystals,  usually  in  hunches,  which  dillcr  in  their 
crystalline  form,  melting-point,  and  solubilities.  Cane  sugar  do^s  not 
in  osazone. 


TUB  OflUflOAL   UUMI'OKino.N    Of   THE   BODY  [CH.  XXV. 

Starch  is  widely  diffused  through  the  vegetable  kingdom.  It 
occurs  in  nature  in  the  form  of  microscopic  grains,  varying  iu  size  and 
:  a&oe,  according  to  their  source.  Each  consists  of  I  central  spot, 
round  which  more  or  leal  Qonoeutrifl  envelope*  of  starch  proper  01 
granulose  altei -n.-Ltc  with  layers  of  cellulose.  Cellulose  has  very  little 
digestive  value  troll  is  I  mOfti  important  food. 

Starch  is  insoluble  in  cold  water:  it  forms  an  opalescent,  solution 

in  boiling  water,  which  if  concentrated  gelatinises  on  cooling.    Its 

mosl  sristic  reaction  is  the  bite  colour  it  gives  with  iodine. 

On  heating  Btarob  with  mineral  acids, dextrose  is  formed.     By  the 

i  df  diaetatk  ferments,  maltose  is  the  chief  end  product.     En 

both  cases  do  an  intermediate  stage  in  I  ess. 

Before  the  formation  of  dextrin  the  starch  solution  loses  its  opal- 
B,  B  substance  called  soluble  starch  being  formed.     This,  like 
native  starch,  gives  a  blno  colour  with   Iodine.     Although  the  mole- 
cular weight  of  starch  is  unknown,  the  formula  for  soluble  starch  is 
probably  S^^H.,,/),,,).,,.,.     Equations  that  represent  the  fonnati 

rius  from  this  are  very  com 1 1 
ami  are  at  present  only  hypotheticd. 

Dextrin  is  the  name  given  to  tho  inter- 
mediate products  in  tho  hydration  of  Standi 
glycogen,  and  two  chief  varieties  aro  distin- 
guished : — erylhro-dcxtrin,  which  gives  a  reddish- 
Brown  colour  with  iodine;  and  achroo •dextrin, 
which  does  DJ 

It  is  readily  soluble  in  water,  but  insoluble 
in  ale  "hoi  and  other.  Il  LB  u'uminy  and  auiurphoua  It  does  not 
give  Tii -i 1 1 1 1 1 . t'.s  test,  nor  does  it  ferment  with  yeast.  It  is  dextro- 
rotatory     By  h yd  rating  agencies  it  \i  converted  into  glucose. 

Glycogen,  or  animal  starch,  is  found  in  liver,  muscle,  and  white 
blood  corpuscles.     It  is  also  abundant  in  all  enibryouie  tissues 

Glycogen  is  a  white  tasteless  powder,  soluble  in  water,  hut  it 
forms,  like  starch,  an  njMiloseont  solution.  It  i3  insoluble  in  alcohol 
and  ether.  It  is  dextro-rotatory.  With  Trommer's  test  it  gives  a 
blue  solution,  but  no  reduction  occurs  on  boili: 

With  iodine  it  gives  a  reddiBh  or  port-wine  colour,  very  similar  to 
that  given  by  ervthro-dextrin.  Dextrin  may  be  distinguished  Eram 
glycogen  by  (1)  the  fact  that  it  gives  a  clear,  not  an  opalescent,  solu- 
tion with  water ;  and  (2)  it  is  not  precipitated  by  basic  load  acetate 
as  glycogen  is.  It  is,  howover,  precipitated  by  basic  lead  acetate  and 
ammonia  (3)  Glycogen  is  precipitated  by  55  per  cent,  of  alcohol ; 
tho  doxtrins  requiro  85  per  cent,  or  more. 

Cellulose — This  is  the  colourless  material  of  which  the  cell-walls 
and  woody  fibres  of  plants  are  composed.  By  treatment  with  strong 
mineral  acids  it  is,  like  starch,  converted  into  glucose,  but  with  much 
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greater  difficulty     The  vorioo  tive  formwiti  hove  little  i 

action  on  oollnloeej  benee  tbe  neoeeeity  oi  boiling  starch  before  Itie 

taken  as  food.  Roiling  bursts  the  cellulose  onvelopos  of  the  starch 
grains,  and  so  allows  the  digestive  juices  to  get  at  the  starch 
proper. 

Cellulose  is  found  in  a  few  animals,  as  in  the  test  or  outer  invest- 
ment of  the  Tunicatea. 

[Inoelte,  or  muscle  sugar  (C6H,«,0»),  is  found  in  muscle,  kidney, 
liver,  anil  other  j>arts  of  the  bodv  10  small  quantities.  It  is  also 
largely  found  in  tho  vegetable  kingdom.  It  is  crystallisable,  and 
has  the  same  formula  as  the  glucoses.  It  is,  however,  not  a  sugar, 
and  careful  analysis  has  shown  that  it  really  belongs  to  the  aromatic 
series.] 


The  Pats. 


Fat  is  found  in  small  quantities  in  many  animal  tissues.  It  is, 
however,  found  in  large  quantities  in  three  situations,  viz.,  marrow, 
adipose  tissue,  and  milk. 

Tha  contents  of  the  fat  cells  of  adipose  tissue  are  fluid  during  life, 
•In:  normal  temperature  of  tho  body  (37 5  C,  or  99n  F.)  being  con- 
siderably above  the  melting-point  (25°  C.)  of  the  mixture  of  tho  fats 
found  there.  These  fats  are  three  in  number,  and  are  called  vahnitin, 
stearin,  and  olein.  Thoy  differ  from  one  anothor  in  ohomioal  com- 
position and  in  certain  physical  characters,  such  as  melting-point  and 
solubilitiea.  Olein  melts  at  -  5  C,  pahnitin  at  45  C,  and  stearin 
at  53-66  G.  It  is  thus  olein  which  "holds  the  other  two  dissolved  at 
the  body  temperature.  Fats  are  all  soluble  in  hot  alcohol,  ether,  and 
chloroform,  but  insoluble  in  water. 

Chemical  Constitution  of  the  Fats. — The  fats  are  compounds  of 
fatty  acids  with  glycerin,  and  may  1«  termed  glycerides  or  glyceric 
ethers.  The  term  hydrocarbon,  applied  to  them  by  some  authors,  is 
wholly  incorrect. 

The  fatty  acids  form  a  series  of  acids  derived  from  the  monatomie 

alcohols  by  oxidation.     Thus,  to  take  ordinary  ethyl  alcohol,  r  II.O, 

rst  stage  in  oxidation  is  tho  removal  of  two  atoms  of  hydrogen 

to  form  aldehyde,  G\,H40;  on  further  oxidation  an  atom  of  oxygen  is 

1  to  form  acetic  acid,  CJH^O,,. 

A  similar  acid  can  lie  obtained  from  all  the  other  alcohols, 
thus : — 


From  methyl  alcohol 
..     ethyl 


BR1 


■8 

amy! 
hexyl 


CHrHO, 

C  H ..111), 
C  li  .Ho. 
(  if. HO. 
C,H„.HO, 
C.H„HO. 


forma'      acid      H.COOH  is  obtained. 
■eetic        ,.    (  HrCOOH 
uric  ..  CHyCOOH 
butyric       ,.   C;HT.i:OOH 

valeric  'WH 

t-aprotc      ,.  CjHn.COOH 


and  so  on. 


Or  in  gonoral  terms  a — 

From  tho  alcohol  with  furuiulu  i '„II_  ,  ,  IFO.  tho  aoid  with 
formula  On  iH«n-i-COOH  is  obtained.  Tho  sixteenth  texm  of  this 
serins  has  the  formula  CuHn,0OOH,  and  is  called  palmitic  acid; 
the  eighteenth  has  the  formula  C17H36.COOII,  and  is  called  stearic 
acid.  Each  acid,  as  will  be  soon,  consists  of  a  radicle,  Cu_|H2d_iCO, 
united  to  hydroxyl  (OH).  Oleic  acid,  howover,  is  not  a  member  of 
this  series,  but  belongs  to  a  somewhat  similar  series  known  as  tho 
acrylic  series,  of  which  tho  general  formula  is  Gft-aHta-frCOOBL  It 
is  thn  eighteenth  torm  of  the  series,  and  its  formula  is  OirHaa-COOH. 

The  first  member  of  the  group  of  alcohols  from  whi<  li  tliis  mrylir  series  of 
acids  is  obtained  is  called  alM  alcohol  (CIC:Cll.ClLOH);  the  aldehyde  of 
Uda  to  aerolrin  iCIi  :  (  II  CIlO).  and  the  formula  fur  the  acid  (acrylic  acid)  is 
CH,:CH.COOH.  It  will  I..,-  noticed  tii..t  tw„  i.f  the  carbon  stoma  in  antted  by 
two  valcncieSi  and.  these  bodies  are  therefore  unsaturated  ;  they  arc  unstable  and 
are  prone  to  undergo  by  uniting  witfa  another  elemt-iit  a  omversian  into  bodies  in 
which  the  carbon  atoms  nrc  united  by  only  one  bond.     II  its  for  their 

redudna  action,  anil  it  is  owing  to  this  that  the  colour  reactions  with  osmic  U  id 
and  Sn<l. in  III.  are  due.  Fat  which  contains  any  member  of  the  oi-n  He  series  like 
oleic  acid  blackens  osmic  acid,  by  reducing  it  to  a  lower  (black)  oxide  Fats  like 
prdmitin  and  stearin  do  not  jrivr  tin*  reaction. 

Glycerin  or  Glycerol  is  a  triatomic  alcohol,  C3H4(HO)3 — i.e.,  three 

atoms  of  hydroxyl  united  to  a  radicle  glyceryl  (C^H.,).     The  hydrogen 

in  t.h<  vl  atoms  is  replaceable,  by  other  orgnnic  radicles.     As 

.in   example,  bike  the  radiclo  of  acetic  acid  calleii  acetyl  (CHs.CO). 

Tho  following  formula}  represent  the  derivatives  that  can  lie  obtained 

by  replacing  one,  two,  or  all  throe  hydroxyl  hydrogen  atoms  in  this 

way  :— 

lOll              (OH  I  OH  i'O.CH.rCO 

CJV  OK    C,H4    OH  C.H,  I  O.CH,.CO  C,H6  \  O.CHrCO 

lOll              I  O.CH..CO  I  O.CH^CO  I  O.CH.C  O 

I  MonoaMii  n .  |  [TrUeeUu  ] 

Trincetin  is  a   ty|ie  of   a  neutral    fat;  Btearin,  palmitin,  and   olein 
OOght  mon  ptOperly  to  bo  called    trlstrnrin,  tripalmitin.,  and  tr\ 
respectively.     Each  consists  of  glycerin  in  which  (be  three  atoms  of 
hydrogen  in  the  hydroxyls  are  replaced  by  radicles  of  the  fatty  acid. 
This  is  represented  in  the  following  formula-: — 


Palmitic  a.'idC,  H,.C00H 
Stearic  cid  <  II  .CO01I 
Oliri.  acid       CH^COOH 


SatBcle, 

PalmitylC.H^.CO 

Stearyl    C,  II     ••  < 
Olcvi       C,  II    .CO 


Palmitin  C,H^OC„H  .CO) 
Stcarm  CI!'"  Jl^CO) 
Oidn       CaH20C,.Hw.C0) 


Decomposition  Products  of  the  Pats. — Tho  fata  split  up  into 
the  substancos  out  of  which  they  arc  built  up. 

Under  the  influence  of  superheated  steam,  1nincr.1l  acids,  and  in 
the  body  by  means  of  certain  ferments  (for  instance,  tho  fat-splitting 
ferment,  steapsin,  of  the  pancreatic  juice),  a  fat  combines  with  water 
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and  splits  into  glycerin  and  the  fatty  acid.     The  following  equation 
represents  what  occurs  in  a  fat,  taking  tripalmitin  as  an  example : — 


<-H.<>..  \H:i|CO)3    + 


IK)    -    C3H.(OH), 
lOlyofrln.l 


O.OH. 

..ikiaJ-» 


tiAiy  Kid. 

In  the  process  of  saponification  much  the  same  sort  of  reaction 
occurs,  tho  final  products  being  glycerin  and  a  compound  of  the  base 
with  tho  fatty  acid  which  is  called  a  soap.  Suppose,  for  instance,  that 
potassium  hydrate  is  used  ;  wo  get — 


C  H  :<>(,  IKCO),   +   3KHO 

(Trlp*lraitin-*U.| 


<     H  (OH), 
(Olyoarln.] 


f  8ClftHtlGO.OK. 

((ViUMluiri  [»Imltat«  - 


Bmulsiflcation. — Another  chango  that  fats  undergo  in  the  body 
is  very  different  from  saponification.  It  is  a  physical  rather  than  a 
cJiMinti  ,il  change;  tho  fat  is  broken  up  into  very  small  globules,  iQoti 
as  are  soon  in  the  natural  emulsion — milk. 

Lecithin  (( \  I  f  ,,N  I'O,,).— This  is  a  very  complex  fat,  which  yields 
on  decomposition  not  only  glycerin  and  fatty  acids  [stfaric  and  oleic), 
but  phosphoric  acid,  and  an  alkaloid  pf.CCH^C JEI602]  called  choline  in 
i  hi.  This  substance  is  found  to  a  great  extent  in  the  nervous 
system  (see  p.  175),  Bad  to  a  small  extent  in  bile.  Together  with 
cholesterin,  a  cryatallisahlo,  iimn.-itoniic  alcohol  (C  II,, HO),  which 
wo  shall  consider  more  at  length  in  connection  With  tho  bile,  it  is 
found  in  small  quantities  in  tho  protoplasm  of  all  cells. 


The  Proteids. 

The  proteids  aro  tho  most  important  substances  that  occur  in 
animal  B&d  vegetable  organisms  ;  none  of  the  phenomena  of  life  i 
without  their  presence;  and  though  it  Efl  impossible  to  state  positivi  ly 
that  they  occur  as  such  in  living  protoplasm,  they  are  invariably 
obtained  by  subjecting  living  structures  to  analysis. 

Proteids  are  highly  complex  compounds  of  carbon,  hydrogen, 
Oxygen,  nitrogen,  and  sulphur  occurring  in  a  solid  viscous  condition 
01  in  solution  in  nearly  all  the  liquids  and  solids  of  the  body.  Tho 
different,  members  of  the  group  present  differences  in  chemical  and 
phvsioal    properties.     They   all    possess,   however,   certain    common 

I  aical  reactions,  and  are  united  by  a  close  genetic  relationship. 

The  various  proteids  differ  a  good  deal  in  elementary  composition. 
Hoppe-Seyler  gives  the  following  percentages : — 


Pro  i. 

To. 


c 

II 

N 

s 

O 

(11 

ei 

0:t 

54-5 

7  3 

170 

•2-0 

9*1 

We  are,  however,  not  acquainted  with  tho  constitutional  formula 
of  protoid  substances.     There  havo  been  many  theories  on  tho  Blbjet  t, 
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but  practically  all  that  is  known  with  certainty  is  that  many  different 
mil  (stances  may  be  obtained  by  the  decomposition  of  proteids.  How 
they  are  built  up  into  the  proteid  molecule  is  unknown.     The  deconi- 

i lions  that  occur  in  thn  bodv  are,  moreover,  different  from  those 
which  can  be  mado  to  occur  in  the  laboratory ;  hence  the  conclusion 
that  living  protoplasm  differs  from  the  non-living  proteid  material 
obtainable  from  it. 

(i)  In  the  body.  Carbonic  acid,  water,  and  urea  are  the  chief 
final  products.  Glycocine,  leucine,  creatine,  uric  acid,  ammonia,  etc., 
are  probably  inlc.nuodiate  products.  Carliohyd rates  (glycogen)  and 
fats  may  also  originate  from  D 

(2)  Outside  the  body.  Various  strong  reagents  break  up  proteids 
into  ammonia,  carbonic  acid,  amines,  hexone  bases,  fatty  acids,  amido- 
acids  like  leucine  and  arginine,  and  aromatic  compounds  like  tyrosine. 

Solubilities. — All  proteids  are  insoluble  in  alcohol  and  ether. 
Some  are  soluble  in  water,  others  insoluble.     Many  of  the  latter  aro 

I>1"  in  weak  saline  solutions  Some  are  insoluble,  others  soluble 
in  concentrated  saline  solutions.  It  is  on  these  varying  solubilities 
that  proteids  aro  classified. 

All  proteids  are  Boluble  with  the  aid  of  hr«t  in  concentrated 
mineral  acids  and  alkalies.  Such  treatment,  however,  decomposes  as 
well  as  dissolves  the  proteid.  Proteids  are  also  soluble  in  gastric  and 
pancreatic  juices ;  but  here,  again,  they  undergo  a  change,  being  a 
rated  into  a  hydrated  variety  of  proteid,  of  smaller  molecular  weight, 
called  peptone.  Tho  intermediate  substances  formed  in  this  process 
aro  called  proteoses  or  albumoses.  Commercial  peptone  contains  a 
mixture  of  proteoses  and  true  peptono. 

Heat  Coagulation. — Most  native  proteids,  like  white  of  egg,  are 

rondered  insoluble  when  their  solutions  are  heated.     The  temperature 

<t  heat  coagulation  differs  in  different  protoids;  thus  myosinogen  and 

fibrinogen  coagulate  at  56°  C,  serum  albumin  and  serum  globulin  at 

about  75   0, 

Tho   proteids   which    aro   coagulated    by   heat   como    under   two 
classes:  the  albumins  ami   \\.<-  alopulina.     These  differ  in  solubili 
tho  albumins  are  soluble  in  distilled  water,  the  globulins  require  salts 
to  hold  them  in  solution. 

Indlffusibility. — The  proteids  (peptones  excepted)  belong  to  the 
class  of  substances  called  colloids  by  Thomas  Graham ;  that  is,  tl  i 
pass  with  difficulty,  or  not  at  all,  through  animal  membranes.     In 

a  ruction  of  dialysors,  vegetable  parchment  is  largely  used. 

Protoids  may  thus  be  separated  from  diffusible  (crystalloid)  sub- 
Btanoea  like  salts,  but  tho  process  is  a  tedious  one.  If  some  serum  or 
white  of  egg  is  placed  :n  ■  dialyser  (tig.  341)  and  distilled  water 
outside,  the  greater  amount  of  the  salts  passes  into  the  water  throu  !i 
the  membrane  and  is  replaced  by  water ;  the  two  proteids  albumin 
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and  globulin  remain  insida ;  the  globulin  is,  however,  precipitated,  as 
the  salts  which  previously  kept  it  in  solution  are  removed 

Crystallisation. — Haemoglobin,  tho  rod  pigmont  of  the  bio., 
a  prof  tauco  and  is  crvstallisable  (for  I'mtU-i  details,  see  Tho 

Blood,  Chapter  XXVI.).  Like  other  proteids  it  has  an  enormously 
largo  molecule  ;  though  crystalline,  it,  is  not,  however,  cry8talloi< I  in 
Graham's  sense  of  that  term.  Blood  pigment  is  not  the  only 
orystallisabln  prut  rail.  I-ong  ago  crystals  of  proteid  (globulin  or 
vitellin)  were  observed  in  the  aleurone  grains  of  many  seeds,  and  in 
the  somewhat  similar  granules  occurring  in  the  egg-yolk  of  some 
fishes  and  amphibians.  By  appropriate  methods  thoso  have  been 
separatod  and  rc-crysUllised.  Further, 
egg -albumin  itself  has  been  crystallised. 
!  solution    of  white  of  egg  is  diluted 

with  an  equal  volume  of  saturated  solu- 
linn  of  ammonium  sulphate,  the  globulin 
present  is  precipitated  and  is  removed  by 
filtration.  Tho  filtrate  is  now  allowed  to 
remain  some  days  at  the  temperature  of 
the  air,  and  as  it  becomes  more  concen- 
trated from  evaporation,  minute  spheroidal 
globules  and  finally  minute  needles,  either 
aggregated  or  separate,  make  their  appear- 
ance (HofmeiBter).  Crystallisation  is  more 
rapid  if  a  little  acetic  or  sulphuric  acid 
is  added  (Hopkins).  Serum  albumin  (from 
horse  and  rabbit)  has  also  been  similarly 
crystallised  (Giirber). 

Action  on  Polarised  Light. — All  pro- 
teids  are  lavo-rotatory,  the  amount  of 
rotation  varying  with  individual  proteids. 
Several  of  the  compound  proteids,  «.#., 
haemoglobin,  and  nucleo  -  proteids  are 
dextro-rotatory,  though  their  proteid  components  are  levo-rotatory 
(Gamgee). 

Colour  Reactions. — The  principal  colour  reactions  by  which 
proteids  are  recognised  are  tho  following: — 

(1)  Tho  xantlto-proleic  reaction ;  if  a  few  drops  of  nitric  acid  aro 
added  to  a  solution  of  a  proteid  like  white  of  egg,  the  result  is  a  white 
precipitate ;  this  and  the  surrounding  liquid  become  yellow  on  boiling 
and  are  turned  orange  by  ammonia.  Tho  preliminary  white  pre- 
cipitate is  not  given  by  somo  proteids  like  peptones ;  but  the  colours 
are  the  same. 

(2)  Millon's  reaction.  Millon's  roagont  is  a  mixture  of  mercuric 
and  mercurous  nitrate  with  oxcoss  of  nitric  .mid.     This  gives  n  white 


Fi.,.  341. -Malt- w  mad*  Of  »  <"t* 
i>f  (urchmnul  (>apcr,  »u»J»udoJ 
lu  a  vetacj  through  which  wator 
is  k*pt  flowing. 
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precipitate  with  proteids  which  is  turned  brick -red  on  boiling.  This 
reaction  and  the  preceding  (xanthoproteic)  depend  on  the  presence 
in  protojds  of  aromatic  radiclos. 

(3)  Copper  sulphate  (Rose's  or  Piotrowski's)  test.  A  trace  of  copper 
sulph iit-i?  nin.l  excess  of  strong  caustic  potash  give  with  most  proteids 
a  violet  solution.  Proteoses  and  peptonea,  however,  givo  a  rose-rod 
colour  instead;  this  same  colour  is  given  ly  the  substance  called 
biuret ;  hence  the  test  is  generally  called  the  biuret  reaction.  This 
name  does  not  imply  that  biuret  is  present  in  protoid ;  but  both 
proteid  and  biuret  give  the  reaction  because  they  possess  a  common 
radicle,  probably  CONH. 

Itiuret  is  formed  by  hotting  solid  urea  ;  nmmnnia  passed*  (iffaarl  leaves  biuret 
thus  :— 


2CON\H4   -    NH„   m    C.,(),N  II 

(Urn*.]  [AmoiotiU.1  (Blurrt.] 


(4)  AdamkUtoicz  reaction  (Hopkins'  modification).  When  a  koIu- 
tiiii  of  proteid  is  added  to  a  dilute  solution  of  glyoxylie.  acid,  and 
then  excess  of  sulphuric  acid  is  added,  an  intense  violet  colour  is 
nod. 

Precipitants  of  Proteids. — Solutions  of  most  protoida  are  pre- 
cipitated by : — 

1.  Strong  acids  like  nitric  eu 

2.  Picric  acid. 

3.  Acetic  acid  and  potassium  ferrocyanida 

4.  Acetic  acid  and  excess  of  a  neutral  salt  like  sodium  sulphate; 
when  those  are  boiled  with  the  proteid  solution. 

5.  Salts  of  the  heavy  metals  like  copper  sulphate,  mercuric 
chloride,  lead  acetate,  silver  nitrate,  etc 

6.  Tannin. 

7.  Alcohol. 

8.  Saturation  with  certain  neutral  salts  such  as  ammonium 
sulphate. 

It  is  nocessary  that  the  words  coagulation  and  jnec-ipitation should 
in  connection  with  proteids  be  carefully  distinguished.  The  term 
coagulation  ia  used  when  an  insoluble  protoid  (coagulated  proteid)  is 
formed  from  a  soluble  one.     This  may  occur: 

1.  When  a  proteid  ia  heated — heat  coagulation  ; 

2.  Under  the  influence  of  a  ferment;  for  instance,  when  a  curd  is 
formed  in  milk  by  rennet  or  a  clot  in  shed  blood  by  the  fibrin  ferment 
—ferment  coagulation  ; 

3.  When  an  insoluble  precipitate  is  produced  by  the  addition  of 
certain  reagents  (nitric  acid,  picric  acid,  tannin,  i  tc). 

There  are,  however,  other  procipitanta  of  proteids  in  which  the 
precipitate  formed  is  readily  soluble  in  suitable  reageuts  like  saline 
solutions,  and  the  protoid  continues   to  show  its  typical  reactions. 
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Such  precipitation  is  not  coagulation.  Such  a  precipitate  is  produced 
by  saturation  with  ammonium  sulphate.  Certain  proteids,  called 
fTis,  are  more  readily  precipitated  by  such  means  than  others. 
Thus,  serum  globulin  is  precipitated  by  half-saturati<>n  with  ammonium 
Mdphata  Foil  saturation  wfth  ammonium  sulphate  precipitates  all 
proteids  but  peptone.  The  globulins  are  precipitated  by  cortain  salts, 
like  8<wHutn  chloride  and  magnesium  sulphate,  which  do  not  precipitate 
the  albumins. 

The  pnx-.ipiuitiiiii  produced  bjaloobol  is  peculiar  in  that  after  a 
liniM  it   becomes  a    coagulation.     I'roteid    freshly   precipitated    by 
lloobol  is  readily  soluble  in  water  or  saline  media;  but  after  i: 
been  allowed  to  stand  some  weeks  under  alcohol  it  becomes  more  and 
more  insoluble.     Albumins  and  globulins  are  most  readily  rendered 

lis  method  ;  proteoses  and  peptones  are  never  ran 
insoluble  by  the  notion  of  alcohol.     This   fact  is  of  in   tlio 

separation  <>f  these  pnotauld  from  othera 

Classification  of  Proteids. 

Both  animal  and  vegetable  proteids  can  be  divided  into  the  toll 
lag  1 -lassos.     We  shall,  however,  \>o  chiefly  concernnd  with  the  animal 
proteids ! — 

If  wo  use   the  term  proteid  in  the  widest  sense,  the  first  n 
sul«li\ision  of  than  substances  is  into — 
A.  Th  •  S.mple  Proteids. 
13.  The  Conjugated  or  Compound  Proteids. 
< '.  The  Albuminoids. 
]  >.  The  Prolamines. 
We  will  tako  theso  classes  one  by  one. 


A.  Tub  Simple  Protkihs. 

Class  I.  Albumins. — Theso  are  soluble  in  water,  in  dilate  Milne 

solutions,  and  in  saturated  solutions  of  sodium  chloride  and  magnesium 
sulphate.  They  are,  however,  precipitated  by  saturating  their  Boln- 
tions  with  ammoniiii!:  b&     Tneil   solutions  are  coagulated  by 

heat,  usually  at  70-73°  C.  Serum  albumin,  egg  albumin,  and  lact- 
albumin  are  instances. 

Class  II.  Globulins.— Those  are  insoluble  in  water,  soluble  in 
dilute  saline  solutions,  and  insoluble  in  concentrated  solutions  of 
neutral  salts  like  sodium  chloride,  magnesium  sulphate,  and  ammonium 
sulphate.  A  globulin  dissolved  in  a  dilute  saline  solutiou  may  there- 
fore, bo  precipitated — 

1    By  removing  the  salt — by  dialysis  (see  p.  396). 

2.  By  increasing  the  amount  of  Bala     The  best  salts  to  employ  are 
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ammonium  sulphate  (half-saturation)  or  magnesium  sulphatu  (com- 
plete saturation).     This  method  is  often  called  "  salting  out." 

The  globulins  are  coagulated  by  lu-v.it;  the  temperature  of  hoat 
coagulation  varies  considerably.     The  following  are  instances: — 

(a)  Fibrinogen  )  .    , ,     ,    . 

(b)  Serum  globulin  (paraglobulin)   |  m  M«**tam 
(e)  Paramyosinogen  in  muscla 

(d)  Crystallin  in  the  crystalline  lens. 

If  we  compare  together  those  two  classes  of  proteids,  the  most 
important  of  the  native  proteids,  we  find  that  they  all  give  the  sarno 
general  tests,  that  all  are  coagulated  by  heat,  but  that  they  differ  b 
their  solubilities.  Tins  difference  in  solubility  may  bo  statod  in 
tabular  form  as  follows: — 


KSSfBt, 

Albnmin. 

OlotKilla. 

Water 

Dilute  saline  solution     .... 
Saturated  solution  of  magnesium  snl- 

pliate  or  sodium  rlitoriilr  . 
Half-saturated  solution  of  ammonium 

Saturated   solution  of  ammonium  sul- 

soluble 
soluble 

Sollllilc- 

Kolublc 
insoluble 

insoluble 
soluble 

iiisolnih 

insoluble 

insoluble 

Class  III.     Proteosea  (TlTriT"IU"1'"    *    ^ST^IJPaI 
,,,        T.,     _     :  <      studied     in    connection     with     that 

Class  IV.     Peptones  }      ^.^ 

Class  V.  Coagulated  Proteids. — There  are  two  main  subdivisions 
of  thoso : — 

(a)  Proteids  in  which  coagulation  lias  been  produced  by  heat; 
they  aro  insoluble  iu  water,  saline  solutions,  weak  acids,  and  weak 
alkalis;  they  are  soluble  after  prolonged  boiling  in  concentrated 
mineral  acids;  dissolved  by  gastrio  and  pancreatic  juices,  they  give 
rise  to  peptones. 

(b)  Proteids  in  which  coagulation  has  been  produced  by  fer- 
ments:— L  Fibrin  (soo  Blood),  il  Myosin  (soo  Musulk).  iu.  Casein 
(see  Milk). 

Appendix  to  the  class  of  simple  proteids.  Albuminates  are 
compounds  of  protoid  with  mineral  substances.  Thus,  if  a  solution 
of  coppor  Bulphato  is  added  to  a  solution  of  albumin  a  precipitate  of 
copper  albuminate  is  obtained.  Similarly,  by  the  addition  of  other 
salts  of  the  heavy  metals  other  metallic  albuminates  are  obtainable. 

The  albuminates  which  aro  obtained  by  tho  action  of  dilute  acids 
and  alkalis  on  either  albumins  or  globulins  aro,  however,  of  greater 
physiological  interest,  and  it  is  to  these  we  Bhall  confino  our  attention. 
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The  general  properties  of  the  acid -albumin  or  syntonin,  and  the  alkali- 
albumin,  which  are  thereby  respectively  formed,  are  as  foilowi .  I  In n 
are  in  sol  u  bio  in  pure  water,  but  are  sol  u  bio  in  either  acid  oralk.ih. 
and  aro  precipitated  by  neutralisation  unless  certain  salts,  like  sorii 
phosphate,  aro  present.  Like  globulins,  thoy  aro  precipitated  by 
saturation  with  Biich  neutral  salts  as  sodium  chloride  and  magnesium 
sulphate.     Thoy  aro  not  coagulated  by  1m 

A  variety  of  alkali-albumin  (probably  a  compound  containing  a 
large  quantity  of  alkali)  may  be  formed  by  adding  strong  potash  to 
undiluted  white  of  egg.  The  resulting  jelly  is  called  Liebcrkuhn's 
jrUy.  A  similar  jolly  is  formed  by  adding  strong  acotic  acid  la 
undiluted  egg-whito. 

The  halogens  (chlorine,  brumine,  and  iodino)  also  form  albumin- 
ates, and  may  bo  used  for  tho  precipitation  of  proteids. 

B.  The  Conjugated  Proteids. 

These  complex  substances  are  compounds  of  albuminous  substances 
with  other  organic  materials,  which  are,  as  a  rule,  also  of  complex 
nature.     They  may  bo  divided  into  the  following  groups: — 

1.  H.EMor.LOBiN  and  itsalliea  Those  aro  compounds  of  proteid 
with  an  iron-containing  pigment  All  will  be  fully  discussed  under 
Blood. 

2.  Gllco-pkotbids.      These   are  compounds    of    proteids    with 
mo  the  carbohydrate  group.     This  class  includes  tho  bum 
and  substances  allied  to  mucins  called  mucoids 

Mucin. — This  is  a  widely  distributed  substance,  occurring  in 
epithelial  cells  or  shed  out  by  thorn  (mucus,  mucous  glands,  goblet 
cells). 

There  are  several  varieties  of  mucin,  but  all  agree  in  the  following 
point- 

(a)  Physical  character.     Viscid  and  tenacious. 

(6)  Prccijital'ility  from  s"luiionsby  acetic  acid.  Thoy  are  sol ublo 
in  unite  alkalis,  like  lime  water. 

Thoy  are  all  compounds  of  a  proteid  with  a  carbohydrate 
radicle,  which  by  treatment  with  dilute  mineral  acid  can  l»  hydra! i id 
into  a  red iu do g  but  ii'ii-fermentable  sugar. 

It  is  probable  thut  the  carbohydrate  radicle  may  differ  In  different  mucins; 
in  some  cases  it  is  certainly  the  cose  that  the  so-called  sugar  derived  from  it  is  not 
sugar,  but  a  nitrogen  mis  derivative  of  sugar  called  glucosamine  (Cjll.^NHj^— 
lu  om  in  «!mh  HO  is  replaced  by  Nil,. 

Tlio  mucoids  generally  ro-.'iii  I  ilr  the  rum-ins  l>m  differ  from  them 
in  minor  details.  The  term  is  applied  to  the  mm .in-like  sulietanoea 
fi'iuiil  in  tli«'  gRmni  substance  of  connective  tissues  (tendo-raueoi'l, 
iiiuu'lio-iiiii.-.u-i,  etc.).     Another   (oro-oraooid)  is  found   m  white 

2  C 
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of  egg,  and  others  (pseudn-uiucin  and  paramucin)  are  occasionally 
found  in  dropsical  eflusione 

Di  Pa-vy  bus  shown  thatasmaftquai]  unilar  oexbohydrate 

<  .in  be  Bpht  o(T  from  various  other  proteids,  which  ire  have  already 
classified  as  simple  protsfda 

3,    NlJCLKINS    AN!)     Ni:CI.KO-PI'.OTEII)3.       These    KN  ouuds     of 

proteid  witli  a  complex  organic  acid  called  nucleic  acid,  whioh  OOffe- 
tains  phosphorus, 

Nucleo-proteids.— Oon ;•  M2H i  of  proteids  with  nucloin.  They 
:u.'  found  in  the  nuclei  and  protoplasm  of  cells.  Caseinogen  of  milk 
and  viic.llin  ofegg~yolk  are  similar  substances.  In  physical  characters 
they  often  closely  simulate  muoin;  in  fact,  the  suhstain 
mucin  in  the  hile  is  in  BOON  animals  a  nucleo-proteid.  They 
may  ho  distinguished  from  mucin  hv  the  fuel  that  they  yield  on 
gastric  digestion  not  only  peptone  bat  also  an  insoluble  residue  of 
nuclein  which  is  soluble  a  alkalis,  is  precipi  table  by  acetic  acid 
from  such    a  solution,  and  oesteans  u  bigfa  I  (10-11)  of 

phoephorna 

Some  of  the  unci  en -proteids  also  contain  iron,  and  it  is  probable 
that  the  normal  supply  of  iron  to  the  body  Efl  oontained  m  the  oneleo* 
•  »r  hseinatogens  (Bnnge),  of  plant  and  animal  cells. 

Thl  tOX  hi]'  of  Hi.  !  ills  to  the  coagulation  of  the  hlood 

is  described  IS  the  next  chapter. 

Nucleo-proteids  may  bo  prepared  from  cellular  structures  like 
testis,  thymus    kidney,  r-tr.,  by  two  methods: — 

1.  Wooldrulge's  method. — The  organ  is  mimed  and  Bflalced  in 
water    for  twenty-four    hours.     Acetic  acid  added    to   the   aqueous 

t  precipitates  the  niulro-protoid,  or,  as  Woddridge  Balled  it. 
tissue  fibrinogen. 

2.  Sodium  chloride  method. — The  minced  organ  il  pound  up  in 
a  mortar  with  solid  sodium  chloride;  the  resulting  viscous  mass  is 

I  into  excess  ol  distilled  water,  and  the  nucleo-proteid  rises  in 
:  i.i  inflS  to  the  top  of  the  water. 

The  solvent  usually  employed  for  a  nucleo-proteid,  whichever 
method  it  i.s  prepared  I  y,  is  a  l  per  cent,  eolation  of  sodium 
oarbona&e. 

Nuclein  is  the  ohlel  constituent  ol  cell-nuclei  lis  physical 
characters  are  somewhat  like  those  ol  mucin,  hui  it  cUffen  chemically 
in    its   high    percentage   of   phosphorus      Ii    is    identical    with    tin: 

chromatin  of  histologisis  (soo  p.  1 1).  On  decomposition,  it.  yields  an 
organic  acid  called  nucleic  acid,  together  with  a  variable  amount  of 
id.  Nucleic  acid  on  decomposition  yields  phosphoric  acid  and 
various  bases  of  the  xanthine  group.  Some  forms  of  nuclein,  callod 
pseitdo ■nuclein,  such  as  are  obtained  from  casein  and  vitcllin,  differ 
iron  the  true  nnotoins  in  not  yielding  thess  xanthine  compounds,  or, 
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as  thoy  aro  somotimcs  termed,  ailoxwric  or  purine  bases.  The  purine 
basoB  aro  closely  allied  ehemioallj  to  mic  acid,  and  wo  shall  have 
t  i  oomidM  them  again  in  relation  to  that  substan> 

Tho  fallowing  diagrammatic  way  of  roprose  t]  posi- 

tion of  nucleo-proteid  will  assist  the  student  in  remeinU  rint,'  the 
relationships  of  these  substances : — 

v. .  .  n. 

subjected  to  gastric  digestion  yields 


Proteid  conTcrteil  into  peptone, 

which  rocs  into  solution 


Nuclein,  which  remains  as  an  insoluble 
resiilue.  If  this  is  dissolved  in  .-iikuli 
and  hydrochloric  acid  added.  It  yields 


Proteld— i  <-nv.  rted  Into 
albumin  in  solution. 


A    precipitate    consisting    of    nucleic 

acid.     If  thiv  is  heated  in  I  naiad 

tube  with  hydrochloric  arid,  it  yield* 

a  number  of  imperfectly  known  Bub. 

stances  like  thymic  add  and  in  KHDC 

ng  sugar.       Hut   the 

known  ami  constant  product* 

of  its  decomposition  arc 

I 


hark  acid. 


Purine  bSW 
Adenine. 

Hypiixiintliiiie. 

Guanine. 

Xanthine. 


The  nuclein  obtained  from  the  D1  beads  oi 

consists  of  nucleic  acid  without,  any  pioirtd  ;idmi\  m.i.\  In  fishes' 
spermatozoa,  however,  tl.e  nucleic  acid  is  united  to  protamino,  the 
chemical  properties  of  which  wo  shall  be  considcriiiL'  immediately. 


Q  Albuminoids. 

Tho  albuminoids  aro  a  group  of  substances  which,  tfaough 
similar  to  tho  proteids  in  many  particulars,  diller  from  iln-m  in 
certain  other  points.    The  principal  members  of  t]  ip  are  tin- 

ft  Hewing: — 

Collagen,  the  substance  of  which  the  white  fibre 
tissue  are  oompand.     Some  observers  regard  it  as  the  anhydride  of 
gelatin.     In  bono  it  is  often  called  ossein. 

Gelatin — This  substance  is  producod  bj  iuiln 
water.     It  possesses  tho  peculiar  property  of  setting  into  a  je  11} 
a  solution  made  with  hot  water  cools.     It  gives  most  of  the  proteid 
colour  tests.    Most  observers  state,  however,  that  it  contains  very  little 
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sulphur.     On  digestion  it  is  liko  proteid  couvortod  into  peptone-like 
■:•,  mil  LB  readily  aba  Tlmii'.'li  it  will   replace  in  dint  ft 

lin  quantity  of  protoul,  acting  as  what  is  called  ;i "  prot^id-flparing' 
food,  it  cannot  take  the  place  of  porateSd  as  a  food.     Animals 

fed  on  gelatin  instead  of  proteid  waste  rapidly. 

■n,  the  very  similar  substance   obtained    from    hyaline 
cartilage,  is  a  mixture  of  gelatin  with  inucinoid  materials. 

Elastin. — This  is  the  substanco  of  which  tlio  yellow  or  elastic 
fibres  of  eonnoctivo-tissuo  are  composod.  It  is  a  vory  insoluUo 
material.  The  sareolemma  of  muscular  fibres  and  certain  basement 
membranes  are  very  similar. 

Keratin,  or  horny  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns.  It  is  very 
insolublo,  and  chiefly  differs  from  proteids  in  its  high  percentage  of 
sulphur.  A  similar  substance,  called  neurokerat  in,  is  found  in  neuroglia 
and  nerve-fibres.  Tn  this  connection  it  is  interesting  to  llOto  tliat  the 
epidermis  and  tho  nervous  system  are  both  formed  from  the  same 
layer  of  the  embryo — the  epi  blast. 

Ohitln  and  similar  sulmtances  found  in  the  exoskeleton  of  many 
invertebrates. 

D.  The  Protamines. 

Protamines. — Theso  are  basic  substances  which  are  combined 
with  nuclein  in  the  heads  of  the  spermatozoa  of  certain  fishes  (salmon, 

i  "on,  etc.).  They  resemble  proteids  in  many  of  their  charai 
eg.,  they  give  Piotrowski's  reaction  and  some  of  the  other  tests  for 
proteids.  They  are  regarded  by  Kossel  as  the  simplest  proteids.  By 
decomposition  in  various  ways  they  yield  bases  containing  six  atoms 
of  carl>on,  and  called  in  consequence  the  hexont  bases ;  the  bases  are 
named    lysine    (C,.IIMN..O ,),    arginine    (CaHuN40-),    and    histiditiu 

i  ir:)NA)- 

The  more  complex  proteids  and  albuminoids  yield  these  liases 
also ;  therefore  Kossel  considers  that  all  these  substances  contain  a 
protamine  nucleus.      The    more  complex  proteids,  however, 
many  other  products  of  decomposition  in  addition  to  these  bases,  such 
as  leucine  and  tyrosine. 

The  Polarimeter. 

This  instnuiH  ni.  is  OM  by  mmiM  0l  which  the  action  of  various  substinccs  on 
the  plane  of  polarised  Ujgjhl  too  be  observed  and  measured. 

Most  of  the  carbohydrates  arc  dextro-rotatory. 

All  tli'.-  |>r<<U-ids  arc  levo-rotntory. 

There  are  many  varieties  of  the  instrument :  these  can  only  be  properly  studied 
in  a  practical  class,  and  all  one  can  do  here  is  to  state  btwflj  !'"  I """" 'iplca  on 
which  Ihry  arc  construct 

Boppoifl  one  is  shooting  arrows  at  I  fence  made  up  ol  "  irrow  vertical  palinjrs  : 
suppose  also  that  the  arrows  arc  Hat  like  the  laths  of  I   \ enelion   blind.      If  the 
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arrows  arc  shot  vertically  Ihcy  will  pass  cosily  through  the  gapfl  between  the 
|»liiigs,  but  if  they  ire  Boot  horizontally  tin- .  frill  be  Dnsbk  to  [lass  through  ut 
all.      1'hts  rough  illii-ar.ition  will  hclpu.s  in  tjiul-  r-.t.imlii«jf  what  in  meant  by  [xilartsed 

light    Ordinary  light  is  produced  by  the  undulations  of  ;« ther  occurring  in 

direction.*  at  right  angles  to  Uic  path  of  propagation  of  the  wave.     Polarised  light 
Is  produced  by  undul.itlons  In  one  plane  only;    we   may  compare  it  to 
arrows. 

In  a  polari meter,  there  is  at  one  end  <>i  I  prism.  which 

is  made  of  Iceland  spar.  This  polarises  the  light  which  passes  through  it;  it  is 
.ailed   the  polariser.      At   the   other  end  ot    the   instrument  is  aootfe  i  the 

analyser.  Between  the  two  is  a  tube  which  can  ho  filled  w  i!h  Bold  I  f  the  analyser 
is  parallel  to  the  poluriscr  the  light  will  paaa  through  to  the  eye  of  th-  .  bserrer. 
But  if  the  analyser  is  at  right  angles  to  the  polariser  it  is  lit  trrOMI  hitting 

I.  hnsstaflj  the  vertical  palings  ot  the  fence.  an<l  there  is  darkness.  At  inter- 
mediate angles  there  will  tic  intermediate  degrees  of  illumination. 

If  the  analyser  and  polariser  arc  parallel  and  the  intermediate  tube  filled  with 
water,  the  light  will  pass  as  usual,  because  water  has  no  action  on  the  plane  of 
polarised  light.  Hut  if  the  water  contains  sugar  or  some  "  Optically  active ""  substance 
in  solution  the  plane  is  twisted  in  one  direction  or  the  other  according  as  the  sub- 
stance is  dcxtro-  or  levo-rotatory.  The  amount  ot  rotation  is  measured  by  tin- 
number  of  angle*  through  which  the  analyser  has  to  he  turned  in  order  to  obtain 
the  full  illumination.  This  will  vur\  with  the  length  Of  the  tube  and  the  strength 
of  the  solution 

Ferments. 

The  word  fermentation  was  first  applied  to  tho  change  of  sugar 
into  alcohol  and  carboni'  y  means  of  yeast.     The  evolution  of 

carbonic  acid  causes  frothing  and  bubbling ;  hence 
the  term  "  fermentation."  The  agent,  yeast,  which 
produces  this,  is  called  tho  fcrmont.  Microscopic 
investigation  Bhows  that  yeast  is  composed  of 
minute  RUftidlv-gTOWing  unicellular  OfganJ 
(torulae)  belonging  to  the  tangos  group  of  plants. 

The  souring  of  milk,  the   transformation  of 
urea  into  ammonium  carbonate  in 
DlillB,  and  tho  formation  of  vinegar  (acetic  Si  id) 
from  alcohol  are  brought  about  by  very  similar 
organisms.    Tin- 
as putrefaction,  which    are  accompanied   by 
format iuu    .if   malodorous  gases,  and  which  are 

is  forms  of  bacteria,  also  come  into  the  same  cate*- 

That  tho  change  or  fermentation  is  nodi  these  organisms 

is  shown  by  the  fact  that  it  occurs  only  when  the  organisms  are 
present,  and  stops  when  they  are  removed  n  killed  by  a  higfa  tern- 
panfcllN  or  by  certain  substances  (carbolic  acid,  mercuric  chloride, 

l  called  antisoptiea 

1  In-     -i mi  i  !n  iisoaso  explains  the  infectious  diseases  by 

considering  change  in  the  system  is  oi  the  nature  of  fermen- 

tation, ana.  Hire  the  others  we  have  mentioned,  produced  bg  microbes; 
ibo  fcrantferenoe  of  the  bacteria  or  their  spores  from  one  poreon  to 
another  constitutes  in  poisona  produced  by  the  growing 
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produced    by   the 


406 


THE  CHEMICAL  COMPOSITION    OP  THE   BODY  tCH    xxv 


bacteria  appear  to  be  either  nlkaloidal  (ptomaines)  or  protoid  in  n  i| .  nnv 
The  existence  of  poisonous  proteids  is  a  wry  remarkable  thing,  as  no 

mical  differences  can  be  shown  to  exist  between  them  ami  those 
which  are  not  poisonous,  but  which  are  useful  as  foods.  The  most 
virulent  poison  in  existence,  namely  snake  poison,  is  a  protoid  of  the 
proteose  class. 

There  is  another  class  of  chemical  transformations  which  at  first 
8!gli  '■  tv    considerably    1 1 ■  >iri    all    of    those.     They,    huwiver, 

rose  m  hi  o  these  fermentations  in   the   I  :    they  occur  in 

of  any  apparent  change  in  the  Bge&ts  th.H  produce 
than.  The  agents  that  produce  them  are  not  living  organisms, 
but  chemical  Bubstances,  the  result  of   the  activity  of  living  cells. 


j^Ls** 


hi 


%i 


■*** 


Ki*.    MS.— Tjrw*  of  micni-organUiiis:   a,  micrococci  arram  .  <lipl<>oDcd— if  all  tha 

mterooocd  at  o  m«k  grouped  togatv  iM  be  called  i  ia  four*,  tarda*: 

loroeaacl  iu  clialus,  alropl  *uJ  if,  bacilli  nf  ruwna  kiii>l«  (una  is  reiiraculai]  with 

a  flagallam);  i ,  vurtons  fornw  of  spirilla ;  /,  spai**,  althor  fra»  or  in  Willi. 

The  change  of  starch  into  sugar  by  the  ptyalin  of  the  saliva  is  an 
instance. 

Ferments  may  therefore  be  divided  into  two  classes: — 

1.  Tin-  organised  EonnontB — torulce,  bacteria,  etc. 

2.  The  unorganised  ferment  ymes  —  like,  ptyalin. 

The  distinction  between  organised  ferment*  ami  enzymes  is,  how- 
over,  more  apparent  than  real;  for  the  micro-organisms  exert  their 
action  by  enzymes  which  they  secrete.  This  has  long  been  known 
m  connection  with  the  invertin  of  yeast,  and  for  the  enzymo 
secreted  by  the  micrococcus  urere,  which  converts  urea  into  ammonium 
oari>  ii.ii>'.  In  net  atyeaioBm  hnsrrbi  i  raflhingye&g6eeI]s,Bue  <  :<lcd 
in  obtei]  03B  them  an  on/.ymo  which  produces  the  alcoholic  fer- 

mentation, and  there  is  BjG  doubt  that  what  is  true  for  yeast  is  equally 
true  for  all  the  organised  ferments,  and  in  several  eases  this  has  l>een 
already  proved  experimentally. 

The  unorganised  ferments  may  he  classified  as  follows: — 
(a)  Amylolytie — those  which  change  amy  loses  (starch,  glycogen) 
into  sugars.     Examples:  ptyalin,  dias 
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(b)  Proteolytic. — those  which  change  proteids  into  proteoses  and 
peptones.     Examples:  pepsin,  trypsin. 

(c)  Steatolytic — those   which    split    fats    into    fatty  acids  and 
glycerin.    An  example,  steapsiu,  is  found  in  pancreatic  juice. 

(rf)  Inversivo  —  those  which   convert  saccharoses  (cano  SOj 
so,   lactose)   into  glucose.     Examples:    invert  in    of    intestinal 
juice  ami  of  yeast  cells. 

(e)    Coagulative — thoso    which  soluble    into    insoi 

protci!-      Examples:  rennet,  fibrin  ferment. 

Most  ferment  actions  are  hydrolytic  — i.e.,  water  is  added  bo  thfl 
material  acted  on,  which  than  splits  into  new  materials.     This  is 
3n  by  the  following  examples: — 

1.  Conversion  of  cellulose  into  carbonic   add   and  m.irsh  gas 
[methane)  by  putrefactive  organisms — 


''.'v.';" 


+  mH.0  =  3«CO  i! 

|W4t«r.j  lC*rl.-.nfc  [MrtiuMi*..] 

•rH    1 


2.  Inversion  of  cane  sugar  by  the  unorganised  ferment  invertin — 

OftAj  +  n  u      i  'll,a,  +  c,h.a- 

lC»riBiai;»r.|  [Wnvr.j  tlirttruse.|  (LeruldM.j 

Sum  .uc.h,  called  oxidases,  are  oxygen  carriers,  and   produce 

Oxidation      They  0COUI  in  living  tissues. 

A  remark  able  fact  concerning  the  ferments  is  that  the  sutatances 
ifiiv  produce  in  time  put  a  stop  to  their  activity;  thus,  in  the  case  of 
the  organised  ferments,  the  alcohol  produced  by  yeast,  the  phenol, 
cresol,  etc.,  produced  by  putrefactive  organisms  from  proteids,  lirst 
Stop  1 1,.:  growth  of  and  ultimately  kill  the  organisms  which  produce 

Id  the  caso  of  the  enzymes  also  the  products  of  then  b 
hinder  and  finally  stop  their  action,  but  on  the  removal  of  these  pn>- 
duces  the  ferments  resume  work. 

This  fact  suggested  to  Croft  Hill  the  question  whether  ferments 
will  act  in  the  reverse  manner  to  their  usual  action ;  and  in  the  caso 
ol  on  i,  at  any  rate,  ho  found  this  to  bo  the  case,      fuv 

fiM-montBj  as  wo  have  just  seen,  usually  convert  a  disaccharido  into 
monosaccharides.  One  of  these  inverting  ferments,  called  maltose, 
converts  maltose  into  dextrose.  If  the  ferment  is  allowed  to  act  on 
strong  solutions  of  dextrose,  it  converts  a  small  proportion  of  thai 
sugar  back  into  maltose  again.  This  discovery  at  Draft  Hill's  has 
sine-  *  on  firmed  by  others  in  relation  to  ot  In  i  < \:  i 

Ferments  act  best  at  a  temperature  of  about  40  C.     Their  ad 

oped,  but  the  ferments  are  not  dc  old  .  it  is  stopped 

and   the  ferments  killed  by  too  great  heat.     A  certain   amount  ol 

moisture  and  oxygen  is  also  necessary;  there  are,  however,  certain 

micro-organisms  "that  act  without  free  oxygen,  and  are  called  anae- 


408 


f  ntt  CHEMICAL  COMPOSITION  OP  TUB  HODY  [CIT.  XXV. 


robic  in  contradistinction  to  those  which  require  oxygen,  and  are 
called  aerobic. 

The  chemical  nature  of  the  enzymes,  or  unorganised  ferments,  is 
very  difficult  to  investigate ;  they  are  substances  that  elude  the  grasp 
of  the  chemist  to  a  great  extent.  So  far,  however,  research  has  taught 
us  that  they  are  either  proteid  in  nature  or  are  substances  closely 
allied  to  the  proteida 


I  is  the  fluid  medium  by  Qieailfl  of  which  all  the  tissues  of 
the  body  are  directly  oc  indirectly  nourished;  by  means  >•(  it  also 
such  of  tin;  materials  resulting  from  the  iuot«il«ilisiii  of  the  tissues 
wliirh  arc  «>f  no  further  use  in  the  r  are  carried  to  the  excre- 

tory organs.  It  is  a  somewhat  viscid  fluid,  and  in  man  and  in  all 
other  vertebrate  animals,  with  the  exception  of  two,*  is  red  in  colour. 
It  consists  of  a  yellowish  fluid,  called  plasma  or  liquor  sanguinis, 
in  which  are  suspended  numerous  blood  corpuscles,  which  are,  for 
ost  part,  coloured,  and  it  is  to  their  presence  that  the  rod  colour 
of  the  blood  is  due. 

Evon  when  examined  in  very  thin  layers,  blood  is  opaque.,  09 
account  of  the  different  rabaettae  powers  possessed  by  its  two  con- 
nta.  viz.,  the  plasma  and  the  corpuscles.  On  treatment  with 
other,  water,  and  other  reagents,  however,  it  becomes  transparent  and 
assumes  a  lake  colour,  in  consequouco  of  the  colouring  matter  of  the 
corpuscles  having  bean  discharged  into  the  plasma.  The  average 
specific  gravity  of  blood  at  15  C.  (60°  F.)  varies  from  1055  to  10G2. 
A  rapid  and  useful  method  of  estimating  the  n  blood 

was  invented  by  Roy.  Drops  of  blood  are  taken  and  allowed  to  fall 
into  fluids  of  known  specific  gravity.  When  the  drop  neither  rises 
nor  sinks  in  the  fluid  it  is  taken  to  be  of  the  Barae  specific  gravity  us 
that  of  the  standard  fluid.  The  reaction  of  blood  is  faintly  alkaline 
and  the  taste  saltish.     Its  temperature  varies  slightly,  the  a\ 

37  8    C.  (100'   F.).     The  blood-stream  is  warmed  by  passing 
:ii    the  muscles,  norve  centres,  and  glands,  but  is  somewhat 

led  on  travorsing  the  capillaries  of  the  Bkin.  Recently  drawn 
blood  hi.  a  distinct  odour,  winch  in  many  cases  is  characteristic  of 
tho  animal  from  which  it  has  been  taken;  it  may  be  further 
developed  by  adding  to  blood  a  mixture  of  equal  parts  of  sulphuric 
acid  and  water. 

Quantity  of  the  Blood. — The  quantity  Of   Mood    in  any  animal 


BLOOD 
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under  normal  condition    bi  u  n  h  rljr  constant  relation  to  the  body- 
weight.     Tho  methods  employed  for  Eang  it  aro  not  so  rim 
is  might  at  first  Bight  have  Leon  thought.     For  example,  it  would  not 
be  possible  in  got       • '«  ■<  urate  informal  Eon  -in  the  point  from  the 

unit  obtained  by  rapidly  bleeding  an  animal  to  death,  for  than  an 
in- l.rti ni i.,-  . [  11  in t.i t y  w< .ul*i  remain  in  the  vassels;  nor,  on  the  other 
band,  would  it  be  possible  to  obtain  a  correct  estimate  by  les9  sapid 

•ding,  as,  sinco  lifo  would  bo  more  prolonged,  time  would  be 
allowed  for  the  passa:_r  Into  the  blood  of  lymph  from  tho  lymphatic 
vessels  ami  from  the  tissues.  In  the  former  oaee,  therefore,  wo  should 
under-estimate,  and  in  tho  latter  over-estimate,  tho  total  amount  of 

tllO     Mm    hi 

method  usually  employed  is  the  following: — A  small  q 
of  blood  is  taken  from  an  animal  by  venesection ;  it  is  defibrinated 
and  measured .  and  used  to  make  standard  solutions  of  blood.  Tin; 
animal  is  then  rapidly  bled  to  death,  and  tho  blood  which  eseapos  is 
collected.  Tho  blond -vessels  aro  noxt  washed  out  with  saline  solu- 
tion until  the  washings  aro  no  longer  coloured,  and  those  aro  added 
to  the  previously  withdrawn  blood  ;  lastly,  tho  whole  animal  is  finely 
minced  with  saline  solutii m.  The  llnid  obtained  from  the  mincings 
is  carefully  filtered  and  added  to  the  dilated  bio  id  previously  obtained, 
and  the  whole  is  measured.  The  next  step  in  the  process  is  the  com- 
parison of  the  colour  of  the  diluted  blood  with  that  of  standard  solu- 
tions of  blood  and  water  of  a  known  strength,  until  it  ifl  reel 
to  what  standard  solution  the  diluted  blood  corresponds.  As  the 
amount  of  Uood  in  the  corresponding  standard  solution  ifl  known,  as 
well  as  the  total  quantity  of  (uloJ  i  obtained  from  the  animal, 
it  is  easy  to  calculate  the  absolute  amount  of  blood  which  the  latter 
:  ained,  ami  to  this  is  added  the  small  amount  which  was  with- 
IWU  to  make  the  standard  solutions.  This  gives  tho  total  amount 
of  blood  which  the  auiinal  contained.  It  is  contrasted  with  the 
weight  of  tho  animal,  previously  known.  The  result  of  experiments 
performed  in  this  way  showed  that  the  quantity  of  blood  in  various 
animals  differs  a  good  deal,  but  in  the  dog  averages  .of  the 
total  body-weight 

An  estimate  of  tho  quantity  in  man  which  corresponded  nearly 
with  this  proportion  has  been  moro  than  once  made  from  the  follow- 
ing data.  A  criminal  was  weighed  before  and  after  docapitation ; 
the  difference  in  the  weight  represented  the  quantity  of  blood  winch 
escaped.  The  blood-vessels  of  the  head  and  trunk  were  then  washed 
Ottt  by  the  injection  of  water  until  the  fluid  whioh  i  td  only 

a  pale  red  or  straw  colour.  This  fluid  was  also  weighed;  and  the 
amount  of  blood  which  it  represented  was  calculated  by  comparing 
the  proportion  of  solid  matter  contained  in  it  with  that  of  the  first 
blood  which  escaped  on  decapitation.    (Weber  and  Lehmann.) 
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Haldane  and  Lorrain  Smith  have  recently  investigated  the  ques- 
tion ;.\  another  method.  Tin-  data  required  am  (l)  the  percentage  of 
haemoglobin  in  tbe  blood]  Mid  (2)  the  extent  t."  which  the  hamo' 

globin  is  saturated  by  a  measured  amount  of  i  oxide  d-sorbed 

into  the  blood. 

The  percentage  of  hemoglobin  is  determined  colorimetrically  by 
the  Cowers*  or  Gowers'-Haldane  lnemoglobinometer  (see  p.  438).     In 
■  i  the  standard  100  per  ecu  lour  corresponds 

i  capacity  of  18$  o.a  of  oxjgeo  or  carbonic  oxide  per  100  0.0 
blood.    The  sabjret  whose  blood  is  to  be  d  breathes  s  known 

volume  of  carbonic  oxide,  and  ■  tev  dri  ps  of  Hie  blood  axe  token  and 
the  saturation  of  his  haemoglobin  in  determined  colorimetrically. 
From  this  result  the  total  capacity  of  the  blood  for  carbonic  oxide  is 
calculated.  The  "carbonic  oxide  capacity"  is  the  same  as  the 
"oxygon  capacity."     The  v<l  [jhi   Mood  is  then  calculated  from 

the  total  *  OXYgen  capacity,"  mid  the  percontnge  capacity  as  deter- 
mined by  the  hremoglubinoinntor.  The  following  is  an  example : — The 
subject's  blood  in  a  given  case  has,  lot  us  say,  the  colour  of  tho  100 
per  cent,  standard,  and  therefore  haa  a  capacity  of  18fi  0.0.  pel  100 
c.c.  blood.  Ho  is  then  allowed  to  breathe  75  c.c.  of  carl»onii:  oxide, 
and  it  is  then  found  th;it  his  blood  is  15  per  cent,  saturated.  The 
amount  required  to  completely  saturate  his  Mood,  or  in  other  words 

his  total  capacity,  must  be  75  x     .  ■  500  c.c.     Since  185  c.c.  of  this 

total  is  Carried  by  100  0*0.  of  his  blood,  the  total  volume  required  to 

contain  500  c.c.  is  500  x  _    -.-  =  2700  c.c.     The  subject  has  therefore 

io'o 

27  litres  of  blood.     The  total  weight  is  obtained  by  multiplying  1 

volume  by  the  specific  gravity  (about  1055). 

Some  of  the  results  of  this  method  are  as  follows : — Tho  mass  of 

the  blood  in  man  is  about  49  per  cent,  (kk^j   of  the  body-weight. 

The  corresponding  ratio  of  the  blond   volume  ie  4  02  i-.c.   |>er  100 

grammes  or  -  — .     Tho  commonly  accepr  DOteof  tho  mass  of 

tho  blood  is  thus  too  high.  In  pathological  conditions  the  numbers 
are  different ;  thus  in  amemiu  f rum  h.i.-mnnbage,  the  volume  ratio  is 
6*5,  in  pernicious  ansemia  8'6,  in  chlorosis  10  8.  In  other  words,  in 
various  forms  of  oiUBinia  the  uctn.il  voliuur,  of  tho  blood  is  increased. 
Prof.  Lorrain  Smith  has  pointed  out  to  me  that  the  decapitated 
oiinal  investigated  bj  Weboi  and  Lehmanii  mentioned  al)ove, 
suffered  from  scurvy,  a  disease  which  is  accompanied  by  anaemia; 
hence  the  total  volume  of  his  blood  was  pathologically  high. 
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Coagulation  of  the  Blood. 


One  of  the  most  characteristic  properties  which  the  blood  pos- 
sesses is  that  of  dotting  or  coagulating.  This  phenomenon  may  l<o 
observed  under  the  most  favourable  conditions  in  blood  which  has 
been  drawn  into  an  i>j>en  vessel.  In  about  two  or  three  minutes,  at 
the  ordinary  temperature  of  the  air,  the  surface  of  the  fluid  is  seen  to 
become  semi-solid  or  jelly-like,  and  this  change  takes  place  in  a  minute 
OK  two  afterwards  at  the  sides  of  tho  vessel  in  which  it  is  contained, 
and  thei  extends  fatuonghoiLl  tho  entire  mass.  The  time  which  in 
occupied  in  these  changes  is  about-  nine  minntea     The  aolid 

mass  is  of  exactly  tho  samo  volume  as  tho  previously  liquid  blood, 
and  adheres  so  closely  to  the  sides  of  tho  containing  vessel  that  if  the 


l        Mi.—  Itptlcultirn  of  lil>cin,  from  a  drop  of  human  blood,  after  treatment  with  lOMttUll  .    Ill" 
entangled  corputclM  an  not  »e»n.    (Ranvter.) 

LatteE  La  inverted  none  of  its  contents  escape.  The  solid  mass  i*  the 
crassamentum,  or  clot.  If  tho  clot  is  watched  for  a  few  minutes, drop3 
of  a  light  straw-coloured  fluid,  the  scrum,  may  bo  MOO  fcC  muke  their 
appeal  u    tho    surface,  aud,  as   they    become  more   and    more 

numerous,  to  run  together,  forming  a  complete  siipcificu!  Stratum 

above  the  solid  olot  At  the  sunn-  time  the  laid  begins  to  transude 
at  the  sides  and  at  the  ander-surfaoe  of  the  clot,  which  in  the  course 
Of  an  hour  or  two  floats  in  tho  liquid.  The  first  drops  of  serum 
appear  on  the  surface  about  eleven  or  twelve  minutes  after  tho  blood 
has  lwon  drawn;  and  the  fluid  continues  to  transude  for  from  thirty- 
six  to  forty-eight  hours. 

The  clotting  of  blood  Le  due  to  tho  development  in  it  of  a  sub- 
stance called  jibrin,  which  appears  as  B  meehwork  (fig  of  lino 
fibrils.  This  mesh  work  entangles  and  encloses  within  it-self  the  blood 
corpuscles.    The  first  clot  formed,  therefore,  rnoludea  the  whole  of 


cir.  xxvi.] 


COAGULATION'   OF  THE   DLOOFt 


413 


tin-  constituents  of  the-  1*1ixh1  in  ait  apparently  so] i*l  mass,  but  soon 
the  fibrinous  mesh  work  begins  bo  bos  id  fcbe  serum  vrhmh  d 

■  r  li<  « li it  is  1 1. hi     When  the  whole  oi  am 

has  transuded  the  clot  is  found  bo  bfl  smaller,  but  lit BU t,  as  it  is  BOH 
made  up  chiefly  of  fibrin  and  blood  corpuscles.  Thus  coagulation 
re-arrangoa  the  constituents  of  the  blood ;  liquid  Mood  is  made  up  of 
plasma  and  i  ,  and  clotted  blood  of  serum  and  clot. 

Fibrin  is  formed  000  the  plasma,  and  may  be  obtained  foe  boa 
corpus*  1  B  blood -plasma  is  allowe  I  to  clot,  the  corpuscles  hsfi 

previously  been  removed.    If  nay  be  also  obtained  from  blood  by 

whipping  it  with  a  bunch  of  twigs;  the  fibrin  adheres  10  the  t' 
and  entangles  but  few  corpuscles.     These  may  l»  removed  by  washing 
with  water.     Serum  is  plasma  minus  fibrin.     The  relation  of  plasma, 
serum,  and  clot  can  be  seen  at  a  glance  in  the  following  scheme  of  the 
tituonte  of  the  blood: — 


i  Plasma 


i  Serum 
I  Fibrin 


Blood 


Corpnseufl 


Clot 


It  may  bo  roughly  stated  that  in  100  parts  by  weight  of  blood  60-05 
porta  consist  of  plasma  and  35-40  of  corpuscles. 

Thn  huffy  coat  is  seen  when  blood  coagulates  slowly,  as  in  horse's 
blood.  The  red  corpuscles  sink  more  rapidly  than  the  white,  and 
ili-  upper  stratum  of  the  clot  (buffy  coat)  consists  mainly  of  fibrin 
and  white  corpuscles. 

Coagulation  is  hastened  by — 

1.  A  temperature  a  little  over  that  of  tho  body. 

1.  Contact  with  foreign  matter. 
I  njury  to  tho  vessol  walla 

4.  Agitation. 

Addition  of  calcium  salts. 

Coagulation  is  hindered  or  prevented  by — 

1.  A  low  temperature.  In  a  vessel  cooled  by  ice,  coagulation  may 
lie  prevented  for  an  hour  or  more. 

2.  The  addition  of  a  large  quantity  of  neutral  salts  like  BOdl 
Bufphatc  ok  magnesium  sulphato. 

3.  Contact  with  the  living  vascular  walls. 

4.  I  ■■'. iib  nil. 

V  Mi  dun  of  soluble  oxalates.  These  precipitate  the  calcium 
necessary  for  coagulation  as  insoluble  calcium  oxalate.  Sodium 
BuOrida  or  citrate  may  be  used  instead  of  the  i.xalale. 

6.  Injection  of  commercial  peptone  (which  consists  chiefly  "f 
proteoses)  into  tho  circulation  of  the  living  animal. 
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Tin';  .-\cta  in  virtue  <>r  a  proteose  it 


7   A' Mi!  ion  of  leach  extract 

una. 

The  theory  -1  which  aosoantfl  beet  for  the  coagula- 

tion of  (he  blood  is  thnt  of  Hutnnmrsten,  EBay  Ixj  briefly  stated 

as  follows: 

Wlien  blood  is  in  the  vessels  one  of  the  constituents  of  the  plasma,  a 
proteid  of  the.  globulin  class  called  fibrinogen,  rxists  in  a  soluble  form. 

1 1' ft  en  the  blood  is  shed  the  fibrinogen  molecule  is  split  into 
parts :  one  part  is  a  globulin,  which  remains  in  solution  ;  the  other  is 
the  insoluble  material  fibrin. 

This  change  is  brought  about  by  the  activity  of  a  special  unorganised 
ferment  called  (he  fibrin-ferment  or  thrombin. 

This  ferment  does  not  exist  in  healthy  blood  contained  in  healthy 
blood-vessels,  but  is  one  of  the  products  of  the  disintegration  of  the  -white 
corpuscles  and  blood  platelets  that  occurs  when  the  blood  leaves  tlie  vessels 
or  comes  into  contact  with  foreign  matter. 

To  this  it  i.  iv  I--.;  added*  OS  thn  Tesult  of  recent  research,  that 
a  soluble  calcium  salt  is  essential  for  the  formation  of  the  ferment ; 
that  the  librin-formrnt  belongs  to  the  class  of  nucleo-proteidB;  that 
other  nucloo-proteid8  (Wooldridgo's  tissue-fibrinogens)  obtained  from 
most  of  the  cellular  organs  of  the  body  produce  intravascular  clotting 
when  injected  into  the  circulation  of  a  living  animal. 

The  Bubstanco  which  is  converted  into  fibrin-ferment  or  thrombin 
by  the  action  of  a  calcium  salt  may  be  conveniently  termed 
prothrombin. 

The  process  of  fibrin  formation  may  therefore  be  represented  in 
the  following  tabular  way : — 


In  the  plasma  a  proteid  substance 
exists,  called  - 

Kl  Hill  Villi  EN. 


From  the  colourless  corpuscles  a 
nucleo-protcid  is  shed  out,  called— 

I'lliMIIHiHIBIM. 

By  the  action  of  calcium  salts 
prothrombin  is  converted  into  fibrin- 
ferment,  or 

Timommn. 

I 


Thrombin  acts  on  fibrinogen  in  such  a  way  that  two  new  substances  are 

(fanned 


One  uf  these  urtint,  vie.. 

a  globulin  (jtArino-gtobutin)  which 
remains  in  solution.'  It*  amount  i- 
very  small. 


The    other    is     imporL-i.nl.     vi/.. 
Kinmv,    which     entangles     the     cor- 
ks and  so  form     I  M  I  SLOT. 


The  Plasma  and  Serum. 


The  liquid  in  which  the  corpuscles  llnat  may  be  obtained   by 
employing  one  or  other  of  the  methods  already  described  for  pro- 
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Log  the  blood  from  ooagiuating.    The  oorpasolos,  being  heavy, 
tank,  and  tho  supernatant  plasma  can  thon  bo  removed  by  a  pi] 
or  siphon,  or  more  to  by  tho  use  of  a  centrifugal  machine 

(see  fig.  345). 

On  counteracting  the  influence  which  has  prevented  tho  Wood 
from  i-in/ulilin^,   lli-i  pfatBOM   tln'n   itself  coagulates.      Thus  pi 


' 


3^Wi 


Fto.  Hi.— I'lan  aoO  i   titrlfutfal  machine,    a.  an  iron  socket  accuitd  to  top  of  UWc 

ilaal  *iniivUu   tarrying  llie  tuniUWe  c.  al  irarly  In  >;  t,  i  rlar>£r>   round  t'.unUMa  p; 

r  t,  aUallow  groove*  on  He*  or  i.  in  «  aro  find  Ov  claiupa  o  o .  n,  a  |mll«-y  fix«J 

to  atid  of  iiilnOle  '■',  «i*I  turneO  b»  Hi"  oord  k  ;  nam  two  kuMc  pulley*  fur  coni  K,    Tlie  upper  part 
oftlia  figure,  b  a  surface  vitir  of  the  routing  turnUble      (Gamgc  ) 

obtained  by  the  use  of  cold  dots  on  wanning  gently;  plasma  which 
has  been  decalcified  by  the  action  of  a  soluble-  oxalate  clots  on  the 
addition  of  a  calcium  salt;  plasma  obtained  i  toons 

solution  of  salt  coagulates  when  this  is  diluted  by  the  addition  of 
water,  the  addition  of  fibrin-ferment,  being  necessary  in  most  cases; 
where  coagulation  000028  without  the  addition  of  librin-fennent  no 
doubt  some  is  present  from  tho  partial  disintegration  of  the  corpuscles 
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which    has   already  oeourred  'i    hydrocele    Hi'- 

resenil.l.i  pun   plasma  viry  closely  in  composition.     As  a  ml.-, 
ontain  few  or  mi  White  ooxpuBolee,  and  do  not 

spoil tatiftoiisly,  but  after  the  addition  of  fibrin-ferment,,  or  liquids  like 
serum  that  contain  01  DSDt,  they  alwaj'S  yield  ft] 

l'nro  plasma  may  be  obtained  from  horse's  veins  by  what  is  known 
as  the  "  bring  test-tube"  experiment  If  the  jugular  vein  is  ligatured 
in  two  places  so  as  to  include  a  quantity  of  Euood  within  it,  then 
removed  from  Un  animal  iiud  Ir.uig  in  a  cool  place,  the  blood  will 
clot  for  many  hours.  The  corpuscles  settle,  and  the  supernatant 
i  (.in  be  removed  frith  a  pipette 

The  plasma  is  alkaline,  yeHowian  in  tint,  and  its  specific  gravity 
is  about  1026  to  1029.     1000  parts  of  plasma  contain  : — 

Water         ...  1MW-90 

Boflda 97-io 

Proteids:  1.  yield  of  fibrin 4-05 

tbi  r  |»rotcids 78-84 

ExtractiTCS  (including  fat) 6"«« 

Inorganic  salts 8-65 

In  round  numbers,  plasma  contains  10  per  cent,  of  solids,  of  which 
8  are  proteid  in  nature.  Note,  however,  the  comparatively  sin.ill 
yield  of  fibrin. 

Serum  oontaina  tin  Bame  Ann  classes  of  constituents — proteids, 
extractives,  ami  salts.  The  extract  i  ■.<•->  and  salts  are  tW  same  in 
both  liquids.     The  p  are  diil'.Tont,  as  is  shown  in  the  following 

aible: — 

■  Ids  of  J'latpia.  I'rot>- iit  <>/  & ., 

Fibrinogen.  Serum  globulin.' 

Serum  globulin.  Serum  albumin. 

Strum  albumin.  I  tbffin  fianaant  (nucleo-protetd). 

Fihrino-glabulin. 

The  gases  of  plasma  and  scrum  are  small  quantities  of  oxygon, 
nitrogen,  and  carbonic  acid.  The  greater  part  of  the  oxygon  of  the 
blood  is  combined  in  the  rod  corpusclos  with  htcmoglobin;  the 
carbonic  acid  is  chiofly  combined  as  carbonates.  Tho  gases  of  the 
blood  have  already  been  considered  under  Respiration  (see  p.  378). 

Wo  may  now  study  one  by  une  the  various  constituents  of  the 
plasma  and  serum. 

A.  Proteids. — Fibrinogen.  This  is  tho  substance  acted  on  by 
hl'dii-l-  nnent.  It  yields,  under  this  action,  an  insolublo  product 
called  fibrin,  and  a  sol u bio  proteid  of  the  globulin  class  (tibrino- 
globulin). 

Fibrinogen  is  a  globulin.  It  differs  from  serum  globulin,  and 
may  bo  separated  from  it,  by  malting  use  of  the  fact  that  half- 
saturation  with  sodium  chloride  precipitates  it  It  coagulates  by 
heat  at  the  low  temperature  of  56  C. 
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Serum  globulin  and  serum  albumin. — These  substances  exhibit  the 
usual  differences  already  described  between  albumins  and  globulins 
(p.  400).  Both  are  coagulated  by  heat  at  a  little  over  70'  C.  They 
may  be  separated  by  dialysis  or  the  use  of  neutral  salts.*  The 
readiest  way  to  separate  them  is  to  add  to  the  serum  an  equal  volume 
of  saturated  solution  of  ammonium  sulphate.  This  is  equivalent  to 
semi-saturation,  and  it  precipitates  the  globulin.  If  magnesium 
sulphate  is  used  as  a  precipitant  of  the  globulin  it  must  be  added  in 
the  form  of  crystals,  and  the  mixture  well  shaken  to  ensure  complote 
saturation. 

Serum  globulin  was  formerly  called  fibrinoplastin,  because  it  was 
behoved  to  take  some  share  in  fibrin  formation.  It  is  also  called 
paraglobulin.  It  may  be  imperfectly  precipitated  by  diluting 
serum  with  twenty  times  its  volume  of  water  and  then  adding  a 
little  dilute  acetic  acid,  or  passing  a  stream  of  carbonic  acid  gas 
through  tho  diluted  serum. 

Fibrin -ferment. — Schmidt's  method  of  preparing  it  is  to  take 
serum  and  add  excess  of  alcohoL  This  precipitates  all  the  proteide, 
fiU  in -torment  included.  Alter  some  wooks  the  alcohol  is  poured  off; 
the  serum  globulin  and  serum  albumin  have  been  by  this  means 
rendered  insoluble  in  water;  an  aqueous  extract  is,  however,  found 
to  contain  fibrin -ferment,  which  is  not  so  easily  coagulated  by  alcohol 
as  the  other  proteids  are. 

B.  Extractives. — These  are  non-nitrogenous  and  nitrogenous. 
The  non-nitrogenous  are  fats,  soaps,  cholosterin,  and  sugar,  the 
nitrogenous  are  urea  (002  to  004  per  cent),  and  still  smaller 
quantities  of  uric  acid,  creatine,  creatinine,  xanthine,  and  hypo- 
xautliiiic. 

G.  Salta — Tho  most  abundant  salt  is  sodium  chloride;  it  con- 
stitutes between  60  and  90  per  cent  of  the  total  mineral  matter. 
Potassium  chloride  is  present  in  much  smaller  amount.  It  consti- 
tutes about  4  por  cent,  of  tho  total  ash.  The  other  salts  are 
I'linr-'jihatos  and  sulphates. 

Schmidt     I.  <  s  the  following  table: — 

1000  parts  of  plasma  yield — 

Mineral  matter B" 

Chlorine 8-640 

SO 0-115 

?fih 0-191 

rauita 0-82S 

Sodium 3*341 

Calcium  phosphate 0311 

Magnesium  phosphate 0*22-.' 


two  proteids.  one  of  whu-h  is  precipitated  by  dialysis  (euglobulin),  oncf  the  other  is 
not  (pseudo-globulin). 
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The  Blood-Corpuscles. 

Thcro  aro  two  principal  forms  of  corpuscles,  the   red.   and 
wkitt,  or,  as  they  are  now  frequently  named,  the;  coloured  and    tin 
colourless.     In  the  moist  state  the  red  corpuscles  form  about  -10 
cent,  by  weight  of  the  whole  mass  of  the  blood.     The  proportion  of 
i  nluurless  corpuscles  is  only  as  1  to  500  or  600  of  the  coloured. 

Red  or  Coloured  Corpuscles.     Human  red  blood  corpuscles  are 
circular  biconcave  discs  with  rounded  edges,  inch  in  diameter 

(7/i  to  S»  ami  ,  (fat  inch,  or  about  2/n,  in  thickness.    Whan  viewed 
singly  they  appear  of  a  pale  yellowish  tinge;  the  deep  r       ■>■'■ 
which  they  gjv«  to  tit*    blood  is  observable  in  them  only  when   they 
are  soen  en  masse. 


. 


Mr.— Ootpwictai  uf  th»  fit*.    Thr 
MS.-  i""1  Hi"  mntnl  mui  ramauu   or  DaclMUyl 

whit*  corptuctra  aro  uncotoui< rf 

pum-lai    %n    two    roninJat   of    Um 

According  to  Itoilctt  they  art-  compuMil  of  i  transparent  filmy  framework 
infiltrated  in  all  parts  l>y  the  red  pigment  lunnogiobin      This  struma  ,  so 

that,  u  ttit  corpuscles  circulate,  they  •Kltnit  of  change  In  form,  and  recover  their 
natural  shape  as  soon  as  they  escape  from  compression.  According  to  this  theory, 
the  consistency  of  the   peripheral  part  of  tl  r   than   that  of  the 

central  portions ;  the  outer  layer  thus  plays  the  part  of  a  membrane  in  the  proci  - 
of  osmosis  that  occur  when  water  or  salt  soluliiuis  are  added  to  the  COrpusdtB. 
Tim  \iew  uf  Kdllrti   b*S  hi  en  qm-stiimei  ilarly  by  Sclt.-ifcr,  who  regards  the 

red  corpuscles  as  composed  of  a  colour!*  BBTBlope  eoctoaing  ■  amotion  of  BOXDO 
globin.  The  presence  uf  a  membrane  on  the  exterior  of  the  corpuscle  i-.  nnilruihted, 
and  can  be  clearly  distinguished  by  <  good  microscope  in  the  larger  corpuscles  of 
amphibia.  It  is,  however,  difficult  bo  axplata  tin-  ahstidtj  of  tl"'  OTHpnacfaf.  md 
the  central  position  of  the  nucleus  in  nucleated  red  corpuscles,  unless  we  also  assume 
that  delicate  fibres  pass  across  the  interior  of  1 1  dftS. 

Mammalian  red  corpuscles  have  no  nuclei ;  the  unequal  refraction 
of  transmitted  light  gives  tho  appearance  of  a  central  spot,  darker  or 
brighter  than  i in-  border,  awjonung  m  it  is  viewed  in  01  out  of  focus. 
Their  specific  gravity  is  about  1088. 


FISH 


pimc  rutreic  tti  «  m  a  n  k 


•     '74! 


rVh  1*0.—  Til*  »&■'••  ii  Is  vmciri.at  aitared  from  *  drawing  by  Qattrti  I'recenJ. 

Zool.  Society.  aii-l  exlilti  .1  charactcn  «if  toe  rod  Wood-eel U  in  lb*  main  dlvlaionn  of  tli- 

VrrtebraLa.  Tho  fraction*  are  then*  of  an  inch,  and  rrnreaont  tlta  arrragr  diameter.  In  the  cm** 
of  Die  oral  Mll«,  only  the  long  diameter  U  b«r»  given.  It  U  remarkable,  that  although  the  aUe  ot 
tha  red  bk»d<cclU  rariea  mi  much  In  Um  different  claasca  of  th«  TrerW-braW  kingdom,  that  of  tb«i 
white  orTHnrlr-  remain*  comparatively  uniform,  and  tlma  they  are,  In  »nif  anlmali,  larger,  in 
oth»r*  Bonltar,  tl an  '.ha  red  eorpaacka. 

in  all  other  vortobrates  (birds,  reptiles,  amphibia,  and  fishes)  the 
corpuscles  are  oval,  biconvex,  and  nucleated  (fig.  348)  ami  I .n-rr 
than  in  mammals.  Thoy  are  largest  of  all  in  certain  amphibians 
(amphiuma,  prot&us). 

The  rod  corpuscles  are  not  all  alike,  for  in  almost  every  specimen 
of  blood  may  be  also  observed  a  certain  number  of  corpuscles  smaller 
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than  the  rest.     They  are  termed  mtcr  t  fuwnatoblaats,  and  are 

probably  immature  corpuscles. 

A  property  of  the  red  corpuscles,  which  is  exaggerate  1  in  mi 
m.iUity  blood, ifl  a  Untlency  to  adhere  together  in  mils  or  colui 
(ronleatpc),  like  piles  of  coins.    These  lolla  quickly  fasten  I 
by  their  ends,  and  v. luster ;  so  that,  when  the  blood  is  spread  out  thinly 
en  3    ;  *      thi     form  an  irregular  network  (fig.  :>46). 

Action  of  Keaaeut*.     Considerable  light  has  been  thrown  on  the  physic  I 
chemical  constitution  of  red  Mood-cells  by  studying  tin-  effects  produced   1} 
RMCl  f  various  reagent's  ;  the  following  is  a  brief  summary  of 

these  reactions : 

W,,t-,-.—  WbSfl  water  is  added  grs  beg's  blood,theoi  Kped 

corpuscles  be-  ■  i  ical.  and  gradually  discharge  their  hemoglobin,  a  pale, 

transparent  stroma  of  eaTdone  being  U?ft  behind    human  red 

change  from  a  discoldal  to  a  spheroidal  form,  and 
4J  .ys  .;■»  .'<  discharge  their  pigment,  becoming  quite  transparent 

ami  .-ill  inn  Invisible.     I  In   effect  is  doe  to  osmosis. 
-oUiii'jn  causes  no  effect  on 
the  red  corpuscles  beyond  prevenlug  them  ruin 
Into  roiileniix.     if  a  stronger  salt  mutton 
,     the  corpuscles  shrink  ana  become  crenated  i 
949)  owing  to  asmosls  of  water  outwards. 

be  nucleus  of  the  red 
blood-ceils  in  the  fmg  to  bee  ene  BOBS  desri]  defined]  it  the  action  is  proloiiged. 
Uie  nucleus  becomes  strongly  granulated,  and  all  the  colouring  matter  seems  to 
be  concentrated  in  it.  the  surrimniliuu  cell-substance  and  outline  uf  the  cell 
bsUUIldag  Slmost  invisible;   an  ■  ■   the   cella   lose  their  colour 

The    cells    in    the    figure    (fig.    850)    represent    the   successive    stages    of    the 
change.     A  similar  loss  of  Cobw  OOGttM  i"  the  red  corpuscles  of  human  bloud. 
which,  however,  from  the  absence  of  nuclei,  seem  to  disappear 
entirely. 

hilutr  oflssHr  cause  tin*  red  blciiKl^-eUs  to  dissolve  slowly, 
and  finally  to  disappear. 


uf    Mltlie    Mltu- 


m 


.'.. 


I 

Vaii 


•1'i/onn,  SMSfS   ."iinl   other  reagents   Unit    dissolve   fats 
dissolve    the  fatly    subs    i  fa  B     fit         Of   the    meinbranc 

that  surrounds  the  corpuscle--     n  I     10  produce  liking  of  the 
blood. 

7'rtMmV  add.— When  a  2  per  cent  fresh  solution  of  tannic 
acid  is  applied  to  frog's  blood  it  causes  the  appearance  of  a  sharply -defined  little 
knob,  projecting  from  the  free  miface  '/.'','.  BMM/a):  the  colouring  matter 
becomes  at  the  same  time  concentrated  in  the  nucleus,  which  grows  more  dis- 
tinct (fig.  351).  A  somewhat  similar  effect  is  produced  00  the  human  red  blood- 
corpusdfe,  the  colouring  matter  being  discharged  And  coagulated  as  a  little  knob 
of  hsematin  on  the  surface  of  the  corpuscle. 

/)••/■«•  nri,l.      \  ?.  per  r.-nt   solution  applied  •"  nucleated  red  blood-cells  (frog) 

will  cause  1  lie  concentration  of  all  the  colouring 

\*  P  y^  matter  in  the  nurlciis  :  the  coloured  body  thus 
B  [  n  formed  gradually  Quits  it-  centra]  position,  and 
jfe  •«*•  comes  to  be  partly,  sometimes  entirely,  pro 
truded  from  the  surface  of  the  now  colourless 
cell  (fig.  85S  .  The  result  of  tins  cx|»criment 
led  Drucke  to  distinguish  the  coloured  contents 
of  the  cell  (soosrfl  from  its  colourless  stroma  or  envelope  fouojef)  When  applied 
to  the  non-nucleated  mammalian  corpuscle  its  effect  merely  resembles  that  or  other 
dilute  acids. 

H..at.—  The  effect  of  heat  up  to  50  —flu  C.  (120  —110  l\)is  to  cause  the  forma- 
tion of  a  number  of  bud-like  processes. 


•CO. 

h'Ki.ii-2,     un 
of  bnnc  add. 
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RWtrirUt)  causes    the    rr«l    blood  rorpus.-les    to    l>ecome    i-renatetl.   and    at 

I.  nuili    >•  hi  I  berry- 1  ike.     Finally  they  rceorcr  their  rounr]  form  and  heroine  .|Uit«- 
pale. 

The  Colourless  Corpuscles.  In  human  blood  the  white  or 
<•"•!■. ;irlo8s  corpuscles  or  leucocytes  (when  at  rest)  are  nearly  spherical 
masses  of  granular  pcotopkum.  In  all  cases  one  or  more  nuclei  exist 
in  each  corpuscle.  The  sizo  of  the  corpuscles  varies  considerably, 
Imt  averages  3  fa*  of  an  inch  (10/u)  in  iliameter. 

In  health,  the  proportion  ol  white  to  red  corpuscles,  which,  biking 
an  average,  is  about  1  t<>  500  or  000,  varies  considerably  own  in  the 
i:ourse  of  the  same  day.  The  variations  appear  to  depend  chief! 
the  amount  and  prol>ably  also  on  the  kind  of  food  takon ;  the  number 
of  leucocytes  is  generally  increased  by  a  meal,  and  diminish' 
fasting.  Also  in  young  peraons,  during  pregnancy,  and  after  great 
loss  of  blood,  there  is  a  larger  proportion  of  colourless  blood-cor- 
puscles.    In  old  age,  on  the  other  hand,  their  proportion  is  diminished. 

There  are  four  principal  varieties  of  colourless  corpuscles  found 
in  human  blood : — 

L  I'oly-morpho-nuclear  cells. — These  contain  several  nuclei  united 
by  fnifi  threads  of  chromatin.  Their  protoplasm  is  tilled  with  line 
granules,  which  are  termed  oxyphil*  on  account  of  their  affinity  for 
■rid  dyes  like  eosiu.  These  are  the  most  important  leucocytes,  eon- 
stitutint:  Eram  60  to  TO  per  cent,  of  the  total. 

2  Eosinophil*  cells. — Those  are  not  so  actively  amoeboid  as  the 
first  variety  Their  nucleus  is  simple  or  lobed.  Their  protoplasmic 
granules  are  large,  and  are  much  more  deeply  stained  by  eosin  than 
the  fine  granules  of  the  first  variety.  They  comprise  about  5  per 
cent,  of  the  total  leooooytea, 

3.  Lymphocytes. — These  havo  a  large  spherical  nucleus  and  a 
limited  amount  of  oImx  protoplasm  around  it.  Transitional  foni 01 
iiotweon  thou  and  the  next  variety  are  also  found.  They  constitute 
ft  Din  15  to  30  par  oeot  of  the  total. 

4.  Hyaline  cells. — Those  differ  from  the  last  by  having  more  proto- 
plasm around  the  nucleus.  The  protoplasm  is  amoeboid,  and  is  clear. 
It,  however,  stains  slightly  with  methylene  blue,  and  this  is  perhaps 
due  to  the  presence  of  lino  basophile  granules. 

The  iiiieb.i  of  all  these  varieties  are  basophilo,  i.e.,  they  have  a 
strong  affinity  for  bask  aniline  dyes  like  methylene  blue.  Cells,  with 
large  basophile  granules,  are  very  rare  in  healthy  human  blood. 

Amoeboid  Movement. — The  remarkable  property  of  the  colour- 
less C"  taneously  changing  their  shape  was  first  demon- 
strated  by  Wharton  Jones  in  the  blood  of  the  skate.  If  a  drop  of 
blood  is  examined  with  a  high  power  of  the  microscope,  under  condi- 
tions by  which  loss  of  moisture  is  prevented,  and  at  the  same  time 
the  temperature  is  maintained  by  a  warm  stage  at  about  that  of  the 
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body,  37  C.  (985  F).  the  colourless  corpuscles  will  he  observed 
slowly  to  alter  their  shapes,  and  to  send  out  processes  at  various  parts 
of  their  circumference.  The  amoeboid  movement,  which  can  be 
demonstrated  in  human  colourless  blood-corpuscles,  can  be  more 
readily  seen  in  newt's  blood. 

The  full  consideration  of  amcel)oid  movoment  is  given  on  p 
An  interesting  variety  of  am  eel*  i  NBMOl  is  tbat  which  lends  to 

the  ingestion  erf  for<  i  i<dos.    This  gives  to  the  Leucocytes  ti: 

power  of  taking  in  and  digesting  bacilli  tyhagocyto&is).  The  multi- 
nucleated, firmly  granular  corpuscles  are  the  most  vigorous  phagocytes. 


Healthy  ban Un»... 
llraiWy  beoillai-... 


— ll.-o.Jll.j-  1- , 


m^   \\  l-*rU»Uy(Uge«tedbMlllu». 


Partially  cll*«'.e.l  I 

Nucl'l  vactiuUl«l 


.  Xucl«ti«. 

..Biiclllm  lu  luuLyjcyle. 
..Partially  dlgeated  I' 


ftordgn  limit- 


Particles  of  foreign  B 
Particle*  of  foreign  mailer. 

. . .  Particle*  of  forrijn  matter. 
Leucocyte*  j ^.mF 

Flo.  SM.— MacmjihaiPH  containing  bacilli  *w\  other  itmcturoa  amlergoluf  digestion.    (Run 

The  accompanying  figure  illustrates  this  ;  the  cells  represented,  how- 
ever, are  not  leucocytes,  but  the  large  amoeboid  cells  found  in  connec- 
tive tissues,  especially  in  inflamed  parts. 

The  process  of  emigration  of  the  leucocytes  is  described  on 
p.  295. 

Action,  of  Reagents  on  the  colourless  corpuscles. —  Water  causos  the 
corpuscles  to  swell  and  their  nuclei  to  hocomo  apparent.  Acetic  acid 
(1  per  cent.)  has  a  similar  action  ;  it  also  causes  the  granules  to  aggre- 
gate round  the  nucleus.  Dilute  alkalis  produce-  swelling  and  bursting 
of  the  corpuscles. 


Besides   the  two  principal  varieties  of  blood-corpuscles,  a  third 

kind  has  been  doscril>ed  under  the  name  blood-platelets  (Ji!i(-iJ"tchen). 
Those  are  colourless  disc-shaped  or  irregular  bodies,  much  smaller  than 
red  corpuscles.  Different  views  are  held  as  to  their  origin.  Afc  first 
thoy  wore  regarded  as  imnnitnre  red  corpuscles ;  but  this  view  has  been 
discarded.  Some  state  that  they  are  merely  a  precipitate  of  nucloo- 
proteid  which  ocouifl  when  the  plasma  dies  or  is  cooled.  There  is, 
however,  no  doubt  that  they  do  occur  in  living  blood,  and  have  been 
seen  to  undergo  amoeboid  movement ;  some  observers  state  that  they 
are  nucleated. 

Enumeration  of  the  Blood  Corpuscle*. 

Several  methods  are  employed  for  counting  Uie  blood-corpuscles  ;  most  of  them 
depend  upon  the  same  principle,  if.,  the  dilution  of  a  minute  Tolume  of  blood  with 
a  given  volume  of  a  colourless  saline  solution  similar  in  specific  gravity  to  blood 


i  jt.iii-Ur.     (Gowara.) 

plasma,  so  that  the  sfee  and  shape  of  the  corpuseles  is  altered  as  little  as  possible. 
A  minute  quantity  of  the  well-mixed  solution  is  then  taken,  examined  under  the 
microscope,  either  in  a  flattened  capillary  tube  (Malassez)  or  in  a  cell  (Haycm  fc 
Nachct,  Gowers)  of  known  capacity,  and  the  number  of  corpuscles  in  a  measured 
length  of  the  tube,  or  in  a  given  area  of  the  cell,  is  counted.  The  length  of  the  tube 
ana  the  area  of  the  cell  are  ascertained  by  means  of  a  micrometer  scale  in  the  ndcnv 
scope  ocular :  or  in  the  case  of  Gowers'  modification,  by  the  division  of  the  cell 
area  into  squares  of  known  sire.  Having  ascertained  the  number  of  corpuscles  in 
the  diluted  blood,  it  is  easy  to  find  out  the  number  in  a  given  volume  of  normal 
blood. 
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Gowers'  Huinnryir>m*l*r  consists  of  a  small  pipette  (a),  which,  when  filled  up 
to  a  mark  on  its  stem  holds  991.  cubic  millimetres.  It  is  furnished  with  en  india- 
rubber  tube  and  glass  mouthpiece  to  facilitate  filling  irnil  emptying;  a  capillary 
tube  (n)  marked  to  hold  6  cubic  millimetres,  and  also  furnished  with  an  indiarubbcr 
tube  and  mouth-piece  ;  a  small  glass  jar  (u)  in  which  the  dilution  of  the  blood  is 
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performed  ;  a  glass  stirrer  (e)  for  mixing  the  blood  and  salt  solution  thoroughly  : 
[t  |  ii  needle,  the  length  of  which  can  be  regulated  by  a  s<tcw  ;  a  brass  stage  plate 
(. )  carrying  a  glass  slide,  on  which  ia  a  cell  one-fifth  of  a  millimetre  deep,  and  the 
bottom  of  which  is  divided  into  one-tenth  millimetre  squares.  On  the  top  of  the 
cell  a  cover-slip  rests.  A  standard  saline  solution  of  lOdiDD  Wllphetn,  or  similar 
salt,  of  specific  gravity  1025,  is  made,  and  8fl!>  cubic  millimetres  arc  measured  by 
means  of  the  pipette  into  the  glass  jar.  and  with  this  5  cubic  millimetres  of  blood, 
obtained  by  pricking  the  finger  with  the  needle,  and  measured 
in  the  capillary  pipette  (n)  are  thoroughly  mixed  by  the  glass 
stirring-rod.  A  drop  of  this  diluted  blood  is  then  placed  in  the 
eel!  and  covered  with  a  cover-slip,  which  is  fixed  in  position 
by  means  of  the  two  lateral  springs.  The  layer  of  dUuted 
blood  between  the  slide  and  cover-glass  is  one-fifth  of  a  milli- 
metre thick.  The  preparation  is  then  examined  under  a 
i  BOM  with  a  power  of  about  iOO  diameters,  and  focusscd 
until  the  lines  dividing  the  cell  into  squares  are  visible. 

After  a  short  delay,  the  red  corpuscles  which  have  sunk 
to  the  bottom  of  the  cell,  and  arc  resting  on  the  squares,  are 
counted  in  ten  vi|inire*,  and  the  number  of  white  corpuscles 
noted.  Hy  adding  together  the  numbers  counted  in  ten  (one- 
tenth  millimetre)  squares,  and,  as  the  blood  has  been  diluted, 
multiplying  by  ten  thousand,  the  number  of  corpuscles  in  one 
Coble  millimetre  of  blood  is  obtained.  The  average  number 
of  corpuscles  per  cubic  millimetre  at  healthy  blood,  according 
to  Vierordt  and  YVclcker,  is  5,O0"».OOU  in  adult  men,  ana 
4,600,000  in  women  ;  this  corresponds  to  an  average  of  SO  and 
45  corpuscles  respectively  per  square  of  Gowers'  instrument 

A  hemacytometer  of  another  form,  und  one  that  is  rnmli 
used  at  the  present  time,  is  known  as  the  Thoma-Zeiss  hema- 
cytometer. It  consists  of  a  carefully  graduated  pipette,  in 
which  the  dilution  of  the  blood  is  done ;  this  is  so  formed  that 
the  capillary  stem  has  a  capacity  equalling  one-hundredth  of 
the  bulb  above  iL  It  the  blood  is  drawn  up  in  the  capillary 
tube  to  the  line  marked  1  (fig.  357)  the  saline  solution  may 
afterwards  lie  drawn  up  the  stem  to  the  line  101 ;  in  this  way 
1  we  have  101  parts,  of  which  the  blood  forms  1.     As  the  con- 

tents of  the  stem  can  be  displaced  unmixed  we  shall  have  in 
V  the  mixture  the  proper  dilution.     The  blood  and  the  saline  so- 

lution are  well  mixed  In  "*i*1Hm  the  pipette,  in  the  bulb  of 
v  hi'  h  is  contained  a  small  glass  bead  for  the  purpose  of  aid- 
ing the  mixing.  The  other  part  of  the  instrument  consists  of 
a  glass  slide  (tig.  if.rt)  upon  which  is  mounted  a  covered  disc, 
in,  accurately  ruled  so  as  to  present  one  square  millimetre 
divided  into  <00  squares  of  one-twentieth  of  a  millimetre  each.  I'lie  micrometer 
thus  made  is  surrounded  by  another  annular  cell,  c  which  has  such  a  height  as  to 
make  the  cell  project  exactly  onc-tcnth  millimetre  beyond  m.  If  a  drop  of  the 
diluted  blood  is  placed  upon  m,  and  c  is  covered  with  a  perfectly  Hat  cover-glass, 
the  volume  of  the  diluted  blood  above  each  of  the  squares  of  the  micrometer.  i.«. . 
r,\,,  of  a  cubic  millimetre.     An  average  of  ten  or  more 


Ki'/».  s:»j  »ii«l  867.- 
Tboma-Zeliw 

ii  •  ni»cjrloiiiet«r. 


en.  I 
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juarcs  is  then  Uken.  and  this  number  multiplied  by  4000 
'corpuscles  in  a  cubic  millimetre  of  undiluted  blood. 


100  gives  the  number 


Dr  George  Oliver's  Hemacytometer  is  a  much  easier  instrument  to  use.  and 
the  results  obtained  arc  accurate ;  it  does  not  enable  one,  however,  to  ascertain  the 
proportion  of  red  and  white  corpuscles.  A  small  measured  quantity  of  blood  it 
taken  up  into  a  pipette  and  washed  out  into  a  graduated  flattened  test-tube  with 
Hayem's  fluid  (sodium  chloride  0  5  gramme,  sodium  sulphate  0*18  gr. ,  corrosive 
sublimate  0"_'5  jrr..  distilled  water  i  IQ  c.eA  The  graduations  of  the  tube  are  so 
adjusted  that  with  normal  blood  (i.e..  blood  containing  -r>, 000,000  rod  corpuscles  |»cr 
cubic  millimetre)  the  light  of  a  small  wax  candle  placed  three  vards  from  the  eye  in 
a  dark  room,  is  just  visible  as  a  thin  bright  line  when  looked  at  through  the  tube. 
held  edgeways  Ix-twcen  the  tinkers,  and  filled  up  to  the  100  mark  with  Hayem's 
fluid.  If  the  number  of  oocoaaclea  is  less  than  normal,  less  of  the  diluting  solution 
is  required  before  the  Mgfat  is  transmitted ;  if  more  thiiu  normal,  more  of  the  solu- 


tion is  necessary.     The  graduations  of  the  tube 
normal  standard  which  is  taken  as  100. 


correspond  to  percentages  of  the 


Development  of  the  Blood-Corpuscles. 

first  formed  blood-corpuscles  of  the  human  embryo  differ 
much  in  their  general  characters  from  those  which  belong  to  the 
later  periods  of  intra-utcrinc,  and  to  all  periods  of  extra-uterine,  life. 
Their  manner  of  origin  is  at  first  very  simple. 

Surrounding  the  early  embryo  is  a  circular  area,  called  the 
vascular  area,  in  which  the  first  rudiments  of  the  blood-vessels  and 
blood-corpuscles  are  developed.  Horo  tho  nucleated  embryonic  cells 
•  if  tho  mesoblast,  from  which  the  blood-vessels  and  COrpuaoloB  are  to 
1*>  formed,  send  out  processes  in  various  directions,  and  these,  joining 
together,  form  an  irregular  mesh  work.  The  nuclei  increase  in  number, 
and  collect  chiefly  in  the  larger  masses  of  protoplasm,  but  partlj'  also 
in  the  processes.  These  nuclei  gather  around  them  a  certain  amount 
of  the  protoplasm,  and,  becoming  coloured,  form  the  red  blood - 
corpuscles.  The  protoplasm  of  the  cells  and  their  branched  network 
in  which  those  corpuscles  lie  then  liecome  hollowed  out  into  a  system 
ils  oiiclosiui,'  fluid,  in  which  tho  red  nucleated  corpuscles  float. 
The  corpuscles  at  first  are  from  about  jj^x,  to  ,  Jav  °f  an  inch  (10/u 
to  167*)  m  diameter,  mostly  spherical,  and  with  granular  contents, 
and  a  well-marked  nucleus.  Their  nuclei,  which  are  about  TlfV»  of 
an  inch  (5/*)  in  diameter,  are  central  and  circular. 

The  corpuscles  then  strongly  resemble  the  colourless  corpuscles 
uf  the  fully  developed  blood,  but  are  coloured.  They  are  capable  of 
ainoebnid  movement  and  muUijily  by  division. 

When,  in  the  progress  of  embryonic  development;,  the  liver  begins 
to  be  formed,  the  multiplication  of  blood-cells  in  the  whole  mass  of 
blood  ceases,  and  new  blood-cells  are  produced  by  this  organ,  and 
also  by  the  lymphatic  glands,  thymus  and  spleen.  Those  are  at  first 
colourless  and  nucleated,  but  afterwards  acquire  the  ordinary  blood- 
tinge,  and  resemble  very  much  those  of  the  first  set.  They  also 
multiply  by  division.      In  whichever  way  produced,  however,  whether 
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from  the  original  formative  colls  of  the  embryo,  or  by  the  liver  ami 
the  other  organs  mentioned  above,  these  coloured  nucleated  cells 
begin   very   early  in    facial   life   to   be   mingled    with  coloured  nott- 


? 


Via.  ttS.-rtrt  of  th»  artwork  of  •l.-r#l..fdnj  U-x.1  reaaeU  in  tht  *»«niUr  art*  of  a  caln«*.plje.  M. 
blood-«urpa*clm  baeomljin  fr*.  .1.  «i.  •nlarged  and  hollo»*«l-otu  i«ut  uf  the  artwork;  «,  procvaaof 
protoplaam.    <B.  A.  Scuafar.) 

nucleated  corpuscle*  resembling  those  of  the  adult,  and  at  about  the 
fourth  or  fifth  month  of  embryonic  existence  are  completely  replaced 

Origin  of  the  Matured  Coloured  Corpuscles. — The  non-nucleated 
red  corpuscles  may  possibly  l>e  derived  from  the  nucleated,  but  in 


n 


.«.-  I* ie),y,tnirM  of  red  coronach*  in  nocnecUr*  tiauw  orU».  From  Um  aubealaiwana  tiaw»  of 
a  oaw-bora  rat.  »,  *  cell  coiiUlaing  awmoglobin  in  a  diffaaed  Ibna  la  Um  protoplaam ;  *'  OM 
ctmUlsInc  ookmrM  globalas  of  Tarring  »l«a  and  vaooola* :  *'.  a  oall  fllW  with  colon  n-1  globala*  i.f 
iMwty  wHonn  ttm ;  /, /,  itorrtojtfn*  flit  rrlu.    (K.  a  s-iuftv.) 

all  probability  are  an  entirely  new  formation.    Their  chief  ori 
is: — 

From  the  medulla  qf  bone. — It  has  been  shown  that  coloured  cor- 
puscles are  to  a  very  large  extent  derived  during  adult  life  from  the 
large  pale  cells  in  the  red  marrow  of  bones,  especially  of  the  ribs. 
These  cells  become  coloured  from  the  formation  of  hemoglobin  chiefly 
in  one  part  of  their  protoplasm.     This  coloured  part  becomes  Bepurated 
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from  the  rest  of  the  cell  and  forms  a  rod  corpuscle,  being  at  first  cup- 
shaped,  but  soon  takhi>:  on  the  normal  appearance  of  the  mature  cor- 
puscle.   Mingled  with  the  aimeboid  colourless  in.rrow  cells  (p.  55)  are  u 
nuiuhor  of  otftaOE  smaller  amoeboid 
cells  called  erythroblasts  (tig.  361). 
these  are  tinted  with  haemoglobin  ; 
they  divide  and  multiply,  lose  tln-ir 
BU0MH8,  and  are  thus  transf"! 
into  discoid  blood-corpuscles. 

From  the  tissue  of  the  spleen. — 
It  is  pro ba bio  that  coloured  as  well 
as  colourless  corpuscles  may  l>e 
produced  in  the  spleen  from  cells 
similar  to  the  orytnroblasta  of  red 
man 

The  belief  which   formerly  p 
vailed  that  the  red  corpuscles  are 
derived  from  the  white  or  from  the 
platelots  has  now  been  discarded. 

During  fcetal  life,  and  possibly 
IBM  animals,  e.g.  the  rat,  which 
arc  born  in  ;m  immature  condition, 
for  some  little  time  after  birth,  the 
blood  discs  have  been  stated  by 
Schiifer  to  arise  in  the  connective 
tissue  cells  in  the  following  way. 
Small  globules,  of  varying  Bize,  of 
colouring  matter  arise  in  the  pro- 
toplasm of  the  cells  (fl 
and  the  cells  themselves  become 
branched,    their    branches   joining 

the  branches  of  similar  cells.  The  sella  next  become  vacuolated,  and 
the  red  globuleB  are  free  in  a  cavity  lilled  with  fluid  (fig.  360);  by  the 
extension  of  the  cavil y  of  the  cells  into  their  processes  anastomosing 
vessels   are    produoed,  which    ultimately  join    with    the    previously 


',.i.   i'.,'    ,..<  i , .-.  ,•■.■. 


Kurthar  datdopinanl  of  bl>- 

i-  c*lU  an-1  Iran- 


MM 

formation  of  tha  latter  lulu  capilUiy 
rJaort-TMialt.  ■■,  4ii  rlrwigatnl  cell  with  a 
in  tli"  jin>U>|iU*m  DOCUPaau'  br  ""''I 
iktvd  hj-  hkrai-oorpujtrjaw  which  are  alltl 
(iobnnr;    t,  a  Imllow  call,  the   nucleus   of 

1M.  Tlw  dow  nuclei  are 
arranged  around  the  nail  of  the  earltjr,  Um 
oorpuacli  In  which  hav*  now  become  die- 
oolil;   e,  anowa  th»   mode  of  union  of  a 

!il>  Inatautoa, 

cuiilaluj  wily  oiic  ourtiuede,  wlUi  the  pro- 
longation («)  of  a  pwriouilr  mUUjik  rraael  j 
a  and  c.  frum  ttir  new-burn  rat 
fn  tal  alMMfi.    (B.  A.  Schafw.) 


existing  vessels,  and  the  globules 
of  the  ordinary  red  corpuscles,  ai 
This  method  of  formation  is  calle 
red  corpuscles  have,  like  all  otht 


definite  term  of  existence,  and  in  a  like  manner  die  and  waste  away 
when  the  portion  of  work  allotted  to  them  has  been  performed. 
Neither  the  longth  of  t heir  life,  however,  nor  the  fashion  of  their 

ly,  has  been  yet  wholly  made  out.     A  certain  number  of  the 
dourod  corpuscles  undergo  disintegration  in  the  liver  and  spit 
corpuscles  in  various  degrees  of  degeneration  have  been  observe!  in 
the  latter  organ. 

Origin  of  the  White  Corpuscles — The  hyaline  corpusoles  are 
derived  from  the  lymphocytes  which  are  formed  in  the  lymphatic 
glands,  and  enter  the  blood-stream  by  the  thoracic  duct. 

TbiB  finely  granular  leucocytes  which  are  the  most  numerous  wh 
corpuscles  in  the  blood  originate  either  in  the  same  way,  or  by  cell 
dh  inion  in   the  blood-stream  itself.     Moat  obsw 
arise  in  the  red  marrow. 

coarsely  granular  eosinophile  corpuscles,  which  form  about 
5  per  cent,  of  the  total  leucocytes  in  normal  blood,  are  found  in  larger 
numbers  in  the  connective  tissue  in  various  parts  of  the  body;  they 
aro  found  in  special  abundance  in  red  marrow,  in  which  at  one  time 
iln-y  were  supposed  to  originate.     Moot  look  upon  each  eosinophile 

>    |.i:    .  I  ;i  little    i  J 1 1  i  <  .  • !  *  t  i  1 ,  L I     gland,  ami    t!r   m.,     ;  ,,f    i  ■,.!•]. nsi-li's    as 

I  migratory  glandular  tissue 


Chemistry  of  the  Blood-Corpuscles. 

The  white  blood-corpuscles. — Our  chemical  knowledge  of  the 
white  corpuscles  is  small.     Their  nucleus  consists  of  nu<  loin,  tl 
cell  protoplasm  yields  proteids  belonging  to  the  globulin  ami  nucleo- 
]•!  -teid  groups.     The  nucleo-proteid  obtained  from  them  is  not  quite 
i  In  same  thing  as  fibrin-ferment  (thrombin) ;  it  is  probably  the  zyin< . 
or  precursor  of  tho  ferment  (prothrombin) ;  the  action  of  the  oalchuD 
aalta  of  tho  plasma  in   shod  blood  is  to  convort  prothrombin  Into 
thrombin  (see  p.  414).     Tho  protoplasm  of  these  cells  often  contain 
small  quantities  of  fat  and  glycogen. 

The  red  blood-corpuscles.— 1000  parts  of  red  corpuscles 

tain  : — 

Water 6S8       part*. 

c  ...    /Organic ■08'flfl      .. 

So,ids  [inorganic    ....  S'12      ., 

One  hundred  parts  of  the  dry  organic  matter  contain — 
Proteid B  to  IS  |>arts. 

Ihriii. n:liibiii 88to9«       .. 

Lecithin 1-8    .. 

Cholesterin O'l    .. 

The  proteid  present  is  identical  with  the  Dttoleo-pcoteid  ol  white 

corpuscles.      The  mineral   matter  consists  chiefly   of   chlnrides  of 
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poU8sium  and  sodium,  arid  phosphates  of  calcium  and  magnesium. 
In  man  potassium  chloride  is  more  abundant  than  sodium  chloride ; 
i  lus;,  however,  doea  n<  for  all  animals. 

Oxygen  is  contained  in  combination  with  the  haemoglobin  to  form 
li.liin.     The  corpuscles  also  contain  a  certain    amount    d! 
1 1 ic  acid. 

Haemoglobin  and  Oxyhemoglobin. — The  pigment  is  by  far 
the  most  abondnnt  and  important  of  the  constituents  of  the  red 
corpuscles.     It  is  a  substance  i  ives  the  reactions  of  a  pnlci'l. 

but  differs  from  most  other  proteids  in  containing  the  element  iron, 
and  in  being  readily  arystalitsable. 

It  exists   iii    ilin  blood   iu   iv  ioQBS:  in  arterial  blood  it  is 

combined  loose!?  with  0x3  I  I  bright  red  colour,  and  is  called 

i.ciiioglobin .  the  other  con- 
dition is  the  deoxygenatsd  or 
dnosd  baunc  hv  called 

simply  haemoglobin).  This  is 
(bond  in  the  blood  after  asphyxia. 
It  also  occurs  in  all  verm 
— that  is,  blood  which  is  return- 
ing to  the  heart  after  it  has  suji- 
1  li '•!  the  tissues  with  oxygen. 
Venous  blood,  however,  always 
contains  a  considerable  quantity 
of  oxyhemoglobin  also.  Hemo- 
globin is  the  oxygon-carrier  of 
the  body,  and  it  may  be  called  a 
ratory  pigment.* 

Crystals  of  oxyhemoglobin  + 
may  be  obtained  with  readiness 

1  the  blood  of  such  animals 
as  the  rat,  guinea-pig,  or  dog;   with  difficult;    from  other  ami 
such  as  man,  ape,  ami   EDOSt  OX  the  common  mammals.     Tho  follow- 
ing methods  are  the  best: — 

1.  Mix  a  drop  of  denbrina!  the  rat  on  a  slide  with  a 

drop  of  water ;  put  on  a  cover-glass ;  in  a  few  minutes  the  corpuscles 
are  rendered  colourless,  and  then  the  oxyhemoglobin  crystallises  out 
from  the  solution  so  formed. 

-.  Microscopical  specimens  may  also  bo  made  by  Stein's  method, 

In  Hie  blood  of  invertebrate  animals  hirmoglobin  is  sometimes  found,  but 
usually  in  the  plasma,  not  iu  special  corpuscles.  Sometimes  it  is  replaced  by  other 
mptratOCy  pigments  IU»  li  as  the  preen  one.  rhlon>cTu<irin,  found  in  certain  worm;,, 
and  the  blue  one,  hu-mocyanin .  found  in  many  molluscs  and  Crustacea.  Chloro- 
enaoria  contains  iron  ;  hicnux •y-uiiii  contains  copper. 

1  Crystals  of  hemoglobin  can  also  be  obtained  by  carrying  out  the  crystal- 
lib. it  on  in  an  atmosphere  free  from  oxygen. 


FIN.  W.    Clfllili  of  oxykemogloMu- jirtimttk, 
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which  consist*  in  using  Canada  balsain  instead  of  water  in  the  fore- 
going experiment. 

3.  On  a  larger  scale,  crystals  may  be  obtained  by  mixing  (he 
blood  with  one-sixteenth  of  its  volume  of  ether;  the  corpuscles  dis- 
solve, unl  the  blood  assumes  a  In!  After  a  ]>eriod  vary- 
ing from  a  few  minutes  to  dayB,  abundant  crystals  are  deposited. 

In  nearly  all  animals  the  crystals  AM  tnoxnbio  prisms  (fig,  862) ; 
I nt.   in   the  guinea-pip   they  are   rhombic    totrahedra.  or   four-si- • 
pynuoidfl  (fig;  863);  id  the  squirrel  and  hamster,  hexagonal  plates 

Tin-  ■■■!  I  --.In  I.-  r.int.iiii  a  v. living  amount  of  wal.M  ot  crystallisation  ; 

I  proluhi  .  i in-  form  and  solubilities. 

Sever.il    observers  have  analysed    i  bin.     They  find  carbon. 


i  .v—OxyturmaitoMuco^tAlB    tetinlir.lrnl,  i        *■"•«.     Hnatfoml  u»hj*inui;U>U 

from  blool  of  tli*  guiriM. pig.  frotn  blood  of  cqqirml.    ( A  fur  Funk*. ) 

nitrogen,  oxygen,  sulphur  and  iron.  The  percentage  of 
iron  is  0  4.  The  amounts  of  the  other  elements  are  variously  given, 
hut  rougbfy  they  are  the  same  as  in  the  proteids.  On  adding  an 
BOid  "i  alkali  to  haemoglobin,  it  is  broken  up  into  two  parts — a  brown 
pigment,  called  hmmalin,  which  contains  all  the  iron  of  the  ori 
BUQBt8fQ06|  and  a  proteid  callod  yhbin. 

Haematin  is  not  crystallisablo;  il   bus  the  formula  0 HB  ...N4KeO., 
(Hoppe-Seyler),  or  CjjH^FoO,  (Nencki  and    Sieber) ;  its  consti- 
iutioii.il  formula  is,  however,  not  known.     Hieniatin  presents  d£0 
8}>ectroscopic  appearances  in  acid  and  alkaline  solutions  (see  accom- 
pany in-    plat.').     On  decomposition  it  yields  pyrrol  derivatives. 

Globin  is  a  somewhat  curious  proteid;  it  is  coagulablo  by  heat, 
soluble  in  dilute  acids,  and  precipitable  from  such  solutions  by 
ammonia.  It  closely  resembles  a  substance  previously  separated  from 
red  corpuscles  by  Kossel,  and  termed  by  him  historic.     (Schulz.) 
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HflBiuochrornogou  is  snrnetimea  called  reduced  hxematin  ;  it  may 
be  formed  by  adding  a  reducing  agent  like  ammonium  sulphide  t<»  an 
alkaline  solution  of  basoAtin  I  !•  kbwnptioB  spectrum  shown  on  the 
tooompenying  pinto  (No.  8),  forms  the  best  spectroscopic  test  for 
blood  pigment ,  the  suspected  sd  io  poi 

ammonium  sulphide  added.    Yorydilu  imansshow  the  absorp- 

bands,  especially  the  one  midway  between  I)  and  K. 

H»mm  is  of  great  importance,  as  the  obtaining  of  this  subs: 
forms  the  best  chemical  test  for  blood.     Hremin  crystals  may  be  pre- 
pared  for  microscopical  examination  by  boiling  a  fragment  of  dried 
blood  with  ■  drop  of  glacial  acetic  acid  OB  a  slide;  I  I 
plates  and  prisms   of  a  dark    brown   colour,  often  in  star-sh 

KB  and  with    rounded  .ingles  (fig.  365),  separate  out.     In  tin; 
I  a  i  old  blood  stein  El  ia  necessary  to  add  o  crystal  of  sodium 
chloride.      Fresh  blood  contains  sufficient  sodium  ohloridc  Itl  itself. 
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ton.  »».     H»mincr>»Ul>.    (»'r«y.) 
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The  actios  of  the  bj  (1)  to  split  the  hsmoglobin  into 

mem  at  in   md  globin;  and  (2)  to  rochlorio  acid  from  the 

sodinni  ohloriae,     Ba&nu  is  usually  stated  to  he  a  combination  of 

ill  matin  \m(Ii  nloric  acid.     Heemin  may  be  prepared  in  ■  •! !>•  i 

ways,  hut  if  prepared  with  the  use  of  acetic  eon,  Nenoki  and  Zaleski 

■huwii  that  i(  also  eonfain  ryl  group,  and  ascribe  to  it  the 

empirioal  (onnula,  <  '.,.11  ,<  >,N",<  llFe    The  onlonne  and  acetyl  are  both 

attached  to  the  iron  atom. 

Haematoporphyrin  is  iron-free  hsematin  ;  i!  may  be  prepared  by 
mixing  blood  with  strong  sulphuric  acid;  the  iron  is  taken  out  as 
ferrous  sulphate.  It  is  also  found  sometimes  in  nature;  it  occurs  in 
certain  invertebrate  pigments,  and  may  also  be  found  in  certain  forms 
of  pathological  urine.  Even  uonaaj  urine  contains  traces  of  it.  It 
presents  different  spectroscopic  appe.um  dino  u  it  is  dis- 

solved in  acid  or  alkaline  media.     The  absorption 
(No.  9)  is  that  of  acid  luematoporphvi in,     I  Sec  DOtO,  p.  444  | 

Haematoidin. — This  substance  is  found  in  the  form 
red  crystals  (fig.  366)  in  old  blood  extravasations,  and  is  derived  from 
the  ha?ruoglobin.     Its  crystalline  form  and  the  reaction  il  gives  with 
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fasting  Ditric  acid  Bhowa  it  to  be  closely  allied  to  Bilirubin,  tin-  chief 
colouring  matter  of  the  Bile,  and  on  analysis  it  is  found  to  be  identical 
with  it. 

Like  hceinatoporphyriii,  iuv-matoidin  is  free-  from  iron.  These  two 
sill  ..stances  are  not  identical  («.y..  htematoidin  shows  no  spectroscopic 
bands);  they  aro  probahh  i 


Compounds  of  Haemoglobin. 
Haemoglobin  forms  at  least  four  Compounds  with  gases: — 
With  ftuvwn  ' l-  OMjbmmoMbta, 

With  carbonic  oxide  .         .         .         .8,  Carbonic  oxide  haemoglobin. 
With  nitric  oxide        .  .4.  Nitric  oxide  haptoglobin, 

These  compounds  have  similar  crystalline  forms;  thoy  eacli 
probably  consist  of  a  molecule  of  luemogloliin  I  i  with  Q 

the  gas  in  Qosstum.  They  part  with  Has  rumbinod  gas  somewhat 
ri>;ulilv  ,  they  are  arranged  in  order  of  stability  in  the  al>uve  list,  tlio 
least  stable  first. 

Oxyhaenioglobln  is  the  compound  that  exists  in  arterial  blood. 
Many  of  its  properties  have  been  already  mentioned.  The  ox 
linked  to  the  haemoglobin,  which  is  removed  by  the  tissues  through 
which  the  blood  circulates,  may  be  called  the  respiratory  oxygen  of 
luemogluhin.  The  processes  that  occur  in  the  lungs  and  tissues, 
resulting  in  the  oxygenation  and  de-oxygenation  respectively  of  the 
haemoglobin,  may  be  imitated  outside  the  body,  using  either  blood  or 
pure  solutions  of  haemoglobin.  The  respiratory  oxygen  can  be 
removed,  for  example,  in  the  Torricellian  vacuum  of  a  mercurial  air- 
pump,  or  by  passing  a  neutral  gas  like  hydrogen  through  the  blood, 
OK  l>v  the  use  of  reducing  agents  like  ammonium  sulphide  or  Stokes' 
reagent.*  One  gramme  of  haemoglobin  will  combine  with  131  B.C. 
of  oxygen. 

If  any  of  these  uu'thods  for  reducing  <i\yli;emoglobiu  is  used,  the 
bright  red  (arterial)  colour  of  oxyhemoglobin  changes  to  the  purplish 
(venous)  tint  of  haemoglobin.    On  once  m  lowing  oxygen  to 

come  into  contact  with  the  haemoglobin,  as  by  shaking  the  solution 
with  the  air,  the  bright  arterial  colour  returns. 

These  colour-changes  may  be  more  accurately  studied  with  the 
spectroscope,  and  the  constant  position  of  the  absorption  bands  Been 
constitutes  an  important  test  for  blood  pigment.  It  will  be  first 
necessary  to  describe  briefly  the  instrument  uwil 

The  Spectroscope. — When  a  ray  of  white  light  is  passed  through 

'  Stokes'  reagent  must  always  be  freshly  prepared  :  it  is  a  solution  of  ferrous 
sulphate  to  which  a  little  tartaric  acid  has  been  added,  and  then  ammonia  till  the 
resctinii  is  alkaline. 
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B  prism,  it  is  refracted  or  beat  at  each  surface  of  the  prism;  the 
whole  ray  is,  however,  nut  equally  bent,  luit  it  is  split  mto  its 
constituent  colours,  which  may  L»e  allowed  to  fall  on  a  screen.  The 
bond  of  colours  beginning  with  the  red,  passing  through  orange, 
yellow,  green,  blue,  and  ending  with  violet,  is  called  a  spectrum:  this 
is  Been  in  nature  in  the  rainbow.  It  may  be  obtained  artificially  by 
the  glass  prism  or  prisrns  of  a  spectroscope. 

The  spectrum  of  sunlight  is  interrupted  by  numorous  dark  lines 
crossing  it  vertically.  call«"l  Fi  curuliufer's  lines.  These  are  per 
• « •  1 1 r  i. nit,  in  pu.sitiim  and  serve  as  landmarks  in  the  spectrum.  The 
more  prominont  are  A,  P>,  and  C,  in  the  red;  D,  in  the  yellow;  E,  b, 
and  F,  in  the  green ;  G  and  H,  in  the  violet.  These  lines  are  due  to 
certain  volatile  substanceB  in  the  sular  atmosphere.  If  the 
from  burning  sodium  or  its  cum  pounds  is  examined  speetroscopicaily, 
it  will  be  found  tu  give  a  bright  yellow  line,  or,  rather,  two  bright 
yellow  linos  very  close  together.  Potassium  gives  two  bright  red 
lines  and  one  violet  line;  and  the  other  elements,  when  incandescent, 
give  characteristic  lines,  but  none  so  simple  as  Bodium.  If  now  the 
tlame  of  a  lamp  is  examined,  it  will  be  found  to  give  a  continuous 
spectrum  like  that  of  sunlight  in  the  arrangement  of  its  colours,  but 
unlike  it  in  the  abaonce  of  dark  lines ;  but  if  the  light  from  the  lamp 
is  made  to  pass  through  sodium  vapour  before  it  reaches  the  spectro- 
scope, the  bright  yellow  light  will  be  found  absent,  and  in  its  place  a 
dark  line,  or,  rather,  two  dark  lines  very  close  together,  occupying 
the  samo  position  as  the  two  bright  lines  of  the  sodium  spectrum. 
The  sodium  vapour  thus  absorbs  the  Bame  rays  as  those  which  it  itself 
produces  at  a  higher  temperature.  Thus  the  D  line,  as  we  term  it  in 
the  solar  spectrum,  is  due  to  the  presence  of  sodium  vapour  in  tho 
sular  atmosphere.  The  other  dark  lines  are  similarly  accounted  for 
by  other  elements. 

The  large  form  of  spectroscopy  (fig.  367)  consists  of  a  tube  A, 
eallod  tho  collimator,  with  a  slit  at  tho  end  S,  and  a  convex  lens  at 
the  end  L  The  latter  makes  the  rays  of  light  passing  through  the 
slit  from  tho  source  of  light,  parallel :  they  fall  on  the  prism  P.  and 
then  the  spectrum  so  formed  is  focussed  by  tho  telescope  T. 

A  third  bubo,  not  shown  in  the  figure*  carries  a  small  transparent 
scale  of  wave-lengths,  as  in  accurate  observations  the  position  of  any 
point  in  tho  spectrum  is  given  in  the  terms  of  the  corresponding 
-lengths. 

If  we  now  interpose  between  the  source  of  light  and  the  slit  S  a 
piece  of  coloured  glass  (H  in  iig.  367),  or  a  solution  of  a  coloured 
substance  coutained  in  a  vessel  with  parallel  sides  (the  luematoscope 
of  Herrmann),  the  spectrum  is  found  to  be  no  longer  continuous,  but 
is  interrupted  by  a  Bomber  of  dark  shadows,  or  absorption  band* 
oontfpoaablg  to  the  light  absorbed  by  the  coloured  medium.     Thus  a 
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solution  of  i • -:.'!i  noglnbin  of  a  certain  strength  give*  I  wo  hands 
between  the  D  and  E  Unas;  luen  rives  only  one;  Mid   other 

red  solutions,  though  to  the  nakod  oye  similar  to  oxyhemoglobin,  will 
give  characteristic  ImukIs  in  other  positio: 

A  convenient  form  of  small  spectroscope  is  the  direct  vision 
spectroscope,  in  which,  by  an  arrangement  of  alternating  prisnft  of 
crown  and  Hint  ,^lass,  the  spectrum  is  observed  by  the  eye  in  the 
same  line  as  the  tube  furnished  with  the  slit — indeed,  slit  and  prisms 
are  both  contained  in  the  same  tube. 

In  the  examination  of  the  spectrum  of  small  coloured  objects  a 
combination  of  tho  microscope  and  direct  vision  &|  Metroscope,  callod  the 
micro-spectroscope,  is  used. 


fin.  M7.  — Diijtrun  of  Hp**lK>*x>pe 


The  next  Hgure  illustrates  a  method  of  representing  absorption 
spectra  diagrammatically.  The  solution  was  examined  in  a  layer  1 
'•i3ntimetro  thick.  The  base  lino  lias  on  it  at  the  proper  distances 
the  chief  Frauonhofor  lines,  and  along  tho  right-hand  edges  are 
percentages  of  the  amount  of  oxyhemoglobin  present  in  I,  of 
hemoglobin  in  1L  The  width  of  the  shadings  at  each  level  repn 
sents  the  position  and  amount  of  absorption  corresponding  to  the 
percentages. 

The  characteristic  spectrum  of  oxyhemoglobin,  as  it  actually 
appears  through  tho  spectroscope,  is  soon  in  tho  accompanying 
coloured  plate  (spectrum  2).  There  are  two  distinct  ebeorp 
bends  botweeu  the  D  and  E  lines;  the  one  nearest  bo  D  (the  « 
band)  is  narrower,  darker,  and  has  better-deli ned  edges  than  the 
other  (the  /9  band).  As  will  be  seen  on  looking  at  fig.  368,  a  solution 
of  oxyhemoglobin  of  concentration  groator  than  065  per  cent,  and 
less  than  0-85  per  cent,  (examined  in  a  cell  of  the  usual  thickness  of 
1  centimetre)  gives  one  thick  band  overlapping  both  D  and  E,  ami  a 
stronger  solution  only  lets  the  red  light  through  lictwoen  C  and  1). 
A  solution  which  gives  the  two  characteristic  bands  must  therefore  be 


i.  Soi.it  ipeotnun. 

1.  Spectrum  of  dilute  solution  of  oxyhemoglobin. 
3.  Ii  ■  IBWgtotlth 


.,  carbonic  oxide  haemoglobin. 

„  acid  li.imuliti  in  ethereal  solution. 

,,  alkaline  hjemalin, 

„  mcUwmoglobin. 

.,  h.rinorliromojjeji. 

,,  M  id  harinaiopor phyiin. 


I  To  hK«-  /•*)'  *** 
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t  dilate  ona     Tlio  ono  bund  (7 •  Juind)  of  luemoglobiu  (speclruiu  8)  is 
>  wall  defined  as  the  u  or  /3  bands.     On  dilution  it  fades  rapidly  ; 
90  chat,  in  a  solution  of snob  strength  that  both  bands  a  Jobin 

would  be  quite  distinct,  thei  tamogtobilk bus  disappeared 

Tho  oxy h;t  rin ■_.']. .1  'in   bands  BSD    be   distinguished   in  a 
9olu<aQU   which  contains  only  one  part  of  tl  10,000  of 

.  and  oven  in  mora  dilute  solutions  which  seem  to  I Imrless 

i  ha  a  band  is  still  visible. 

Haemoglobin  Bad  Ua  OOSnpounda  also  show  absorption  bands  iii 
tho  ultr.i-viuli  q  of  the  spectrum.     Tliisportiun  of  thospoeti  um 

is  not  visihln  t<i  the  eye,  hut  tun  \»i  rendered  visible  by  allowing  tho 
spectrum  to  fall  on  a  fluorescent  screen,  n  at  a  sensitive  photographic 


■to.  3>*>.  --OrajtUlc  icyruacuUUutu  ui  Uie  muuuul  vl  fel«Of|>UVU  ul  iijjlil  b>  wlnttuii  Ol  <l)  ogyliami"- 
gloMn ,  < 1 1 )  of  h jemofcloUB,  of  diUM-eni  at  rengthi.  The  laa/ltn*  tndloatea  lh«  amount  of  absorption 
«jf  Ihe  8i*ctmm  ;    tho  flpirea  on  the  rifhl  bncJer  rxjireta  ponainUfa*.    (RuUott.) 

plate.     In  order  to  Show  abaOtpti<  n  hands  in  this  pail  of  tho8pe<  I 
very  dilute  solutions  of  the  pigment  must  be  used. 

Oxyha-moclohin  shows  a  band  (Soret's  band)  between  the  lines  Q 
■  1 1<  1  II.  In  hternoglohin,  oarbornio  oxide  ha-modohin.  and  nitric  oxide 
haemoglobin,  this  band   is  rather   nearer  G.     Metha&i  n    and 

haematoporphyrin  show  similar  bands 

We  owe  most  of  mir  knowledge  of  the  photographic  spectrum  " 
to  1'rof.  Gamgee,  through  whoso  kindness  I  am  enabled  to  present 
reproductions  of  two  of  bia  niamsroua  photographs  (figa  3G9  and  370). 

Methcemoglobin. — This  may  be  produced  anitieially  In  various 
,  as  by  adding  potassium  ox  amy]  nitrite  to  blood, 

and  as  it  also  iconr  in  certain  diseased  conditions  in  the  urine, 

it  is  of  considerable  practieal  importance.  It  can  be  crystallised,  and 
is  found  to  contain  the  same  amount  of  oxygen  as  oxyhemoglobin, 
only  combined  in  a  different  way.  She  oxygen  is  not  removable  by 
the  air  pump,  not  by  a  stream  of  neutral  gas  like  hydrogen.     It  can 


well,  lumicly,  it  causes  Jin  evolution  of  gas,  if  the  blood  has  been  previou 

l>y  the  addition  of  an  equal  quantity  ( if  water.     This  «:is  is  oxygen  :  in  fart,  all  the 
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oxygen  combined  ns  oxyhemoglobin  is  discharged,  and  this  may  be  collected  and 
measured  j  the  addition  of  n  small  amount  of  s-dium  carbonate  or  ammonia  to  the 
blood  U  necessary  to  prevent  the  evolution  of  any  carbonic  acid.  This  discharge  q] 
oxygen  from  oxyhemoglobin  is  at  first  sight  puzzling,  because,  as  just  stated, 
mcthsemoglobin  contains  the  same  amount  of  oxygen  that  is  present  In  oxyrurm ■• 
glohin.  What  occurs  is  that  after  the  oxygen  is  discharged  from  oxy  haemoglobin. 
an  equal  quantity  of  oxygen,  due  to  the  oxidising  action  of  the  reagents  added, 
takes  its  place:  this  new  oxygen.  However,  Is  combined  in  sonic  way  different  from 
that  which  was  previously  united  to  the  haemoglobin.     (Haldanc ) 

Carbonic  oxide  haemoglobin  may  be  readily  prepared  by  pa.-- 
a  stream  of  carbonic  oxide  or  coal  gaa  through  blood  or  through  \ 
solution  of  oxyhemoglobin.     It  has  a  peculiar  cherry-red  colour.     1 1 
absorption  spectrum  is  very  like  that  of  oxyhemoglobin,  but  the  i 
bands  aro  slightly  ncare>  lot  end  of  the  spectrum  (spectrum  4 

in  coloured  plat*).  Reducing  agents,  like  ammonium  sulphide,  do 
not  change  it;  the  gas  is  more  firmly  combined  fcban  the  oxygen  in 
haemoglobin  CO-hsemogloliin  forms  01  vsials  like  those  of  nxvhn flno- 
globin.     It  resists  putrefaction  for  a  very  Imij^  time. 

Carbonic  oxide  is  given  off  during  the  imperfect  combustion  of 
carton  such  as  occurs  in  charcoal  Btoves  or  dining  the  explosions  that 
occur  in  coal-mines;  it  acta  as  a  powerful  poison,  by  combining  with 
(bfl  hemoglobin  Of  the  blood, and  thus  interferes  with  normal  respira- 
tory processes.  The  bright  colour  of  the  blood  in  both  arteries  I 
sein.s,    and    its    msi-tuni-i:    in    reduciiig-ngerits,    aro     in     such     '"ases 

characteristic. 

Nitric  Oxide  Haemoglobin. — When  ammonia  is  added  to  II' wd, 
and  then  a  stream  of  nitric  oxide  passed  through  it,  this  compound 
is  formed.  It  may  be  obtained  in  crystals  isomorphous  with  oxy- 
tnd  CO-heemogluhil).  It  also  has  a  similar  spectrum.  It  is  even 
IB0C0  stable  than  CO-hrcmoglobin  ;  it  has  no  practical  interest,  but  is 
of  theoretical  importance  as  completing  the  series. 

Bohr  has  advanced  a  theory  that  haemoglobin  forms  ■  compound  with  carbonk- 
acid.  nnd  that  there  are  numerous  oxyhemoglobins  containing  different  amounts  of 
<>wi.en.  but  his  views  have  not  been  accepted. 

Estimation  of  Hromoglobln. — The  most  exact  method  Ls  by  tin-  estimation  of 

thr  amount  of  iron  (dry  haemoglobin  i  ontsining  <4S  par  cent  of  iron)  in  the  ash  of  a 

given  specimen  of  l»h««i.  but  u  Hiii  n  what  complicated  proceM*  tartoui 

culorimetric  ihcUhhIs  hive  been  proposed  which,  though  not  so  exnet.  have   the 

■  mplicity. 

Gowe-ro'  HtKmotrloblnotnoter.     Tlic  apparatus  (fig.  371 )  consists  of  two  glass 

l  ilcs  of  the  siime  sire.      One  CCntwtPI   glycerin  j<  lly  tinted    with   carmine  to  a 

.  i.:.i   ol.iui     -I/.,  that  of  normal  blood  diluted1  101   ttnaei  nttti  dhtfllerl  water. 

The  finger  is  pricked  and  20  cubic  millimetre-  of  blood  are  measured  out  by  the 

capillary  pipette,  B.     This  is  Mown  out  into  the  Other  twin  and  dOutod  with  dM tUad 

water,  added  drop  by  drop  from  toe  pipette  stopper  of  the  bottle,  A.  until  the  tint 

of  the  diluted  blood  re»' i  mdnrd  colour.      This  tube  is  graduated  into  100 

f>arts.  If  the  tint  of  the  diluted  blood  is  the  same  as  the  standard  when  the  tube  [| 
died  up  to  the  graduation  loo.  the  quantity  of  oxyhemoglobin  in  the  blood  is 
normal.  If  it  his  to  be  diluted  more  largely,  the  oxyhaemoglolun  b  m  i  ■  <  .-*s  i  if  to 
a  smaller  extent,  it  is  less  than  normal.     If  the  blood  has,  for  Instance,  to  be  diluted 
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hwilllfl  ■  white  rrtlci-hug  surfiue  (S)  and  ■  platform.     Under  the  platform  is  h  slot 

y  ing  a  pins*  wedge  stained  red  (K)  and  moved  by  a  wheel  (H).  On  the  platform 
is  a  sin  .ill  a  tindllcml  vessel  divided  vertically  into  two  compartments,  a  ana  •>'. 

Fill  wlili  a  pijtrttf  Uie  compartment  i  icer  tfae  wedge  witli  distilled  water. 
Fill  about  a  quarter  of  the  other  compartment  (<i)  with  distilled  water. 

Prfck  the  filler  .itiil  till  tin  short  capillary  pi|N>tte  provided  with  the  instru- 
ment with  blood.  Dissolve  this  in  tin-  water  in  compartment  a,  and  till  it  up  with 
distilled  water. 

Having  arranged  the  reflector  (SJ  to  Uirow  ariifirml  light  vertically  through 
both  compartments,  look  down  through  them,  and  move  the  wedge  of  gloss  by  trie 
milled  head  (T)  until  the  colour  of  the  two  iaidcntical.  Read  off  the  sraie.  which  is 
mi   -i  instructed  as  to  give  the  percentage  of  hiemoglobin. 

Dr  George  Oliver's  Method  consists  in  comparing  n  specimen  of  blood 
suitably  diluted  in  a  shallow  white  palette  with  a  number  of  standard  tests  very 
carefully  prepared  bj  1 1 » -  n  ..  of  I.ovihond's  coloured  glasses.  These  standards  arc 
nun  li  better  nmtches  for  blood  in  various  degrees  or  dilution  than  in  most  colori- 
inctric  methods.  The  yellow  tint  of  diluted  luemogloliin  is  very  successfully 
tccL 

Testa  for  Blood. — Those  may  be  gathered  from  preceding  descrip- 
tion* Briefly,  they  are  microscopic,  spectroscopic,  and  chemical. 
The  be3t  chemical  test  is  the  formation  of  hsemin  crystals.  The  old 
test  with  tincture  of  guaiacuin  and  hydrogen  peroxide,  the  blood 
causing  the  red  tincture  to  become  green,  is  very  untrustworthy,  as  it 
is  also  given  by  many  other  organic  substances. 

In  nii.diiii-legul  cases  it  is  often  necessary  to  ascertain  whether  or 
not  a  red  Said  tW  stain  npon  clothing  is  or  is  not  blood.  In  any  such 
case  it  is  advisable  not  to  rely  upon  one  test  only,  but  to  try  every 
means  of  detection  at  one's  disposal.  To  discover  whether  it  is  blood 
or  not  is  by  no  means  a  difficult  problem,  but  to  distinguish  human 
blood  faun  that  oi  the  common  mammals  is  possible  only  by  the 
"  biological  "  test  described  at  the  end  of  the  next  section. 

Immunity. 

The  chemical  defences  of  the  body  against  injury  and  disease 
uro  numerous.  The  property  that  the  blood  possesses  of  coagu- 
lating is  a  defence  against  luemorrhage ;  the  acid  of  the  gastric 
juice  is  a  great  protection  against  harmful  bacteria  introduced  with 
food.  Bacterial  activity  in  urine  is  inhibited  by  the  acidity  of  that 
secretion. 

Far  more  important  and  widespread  in  its  effects  than  any  of  the 
foregoing  is  the  bactericidal  (i.e.  bacteria  killing)  action  of  the  blood 
and  lymph;  a  study  of  this  question  has  led  to  many  interesting 
results  especially  in  oon&eotion  with  the  problem  of  immunity.  This 
subject  is  one  of  great  importance. 

It  is  a  familiar  fact  that  one  attack  of  many  infective  maladies 
protects  us  against  another  attack  of  the  same  disease.  The  person 
is  said  to  be  immune  either  partially  or  completely  against  that 
disease.     Vaccination  produces  in  a  patient  an  attack  of  cowpox  or 
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vaccinia.  This  disease  is  either  closely  related  to  smallpox,  or 
maybe  it  is  smallpox  modified  and  rendered  less  malignant  by  passing 
_l  i  the  body  of  a  calf.  At  auy  rate,  an  attack  of  vaccinia  renders 
a  person  tmamw  to  smallpox,  or  variola,  fur  a  certain  nun: i 
years.  Vaccination  is  an  instance  of  what  ia  called  protective  inocula- 
tion, which  is  now  practised  with  more  or  less  success  in  reference  to 
other  diseases  like  plague  and  typhoid  fever.  The  study  of  immunity 
has  also  rendered  possible  whai  may  be  called  curative  inoculation,  or 
the  injection  of  antitoxic  material  as  a  cure  for  diphtheria,  tetanus. 
males  poisoning,  etc. 

The  power  the  blood  possesses  of  riaying  baotaria  was  first 
id  when  the  effort  was  made  to  grow  various  kinds  of  bacteria 
in  it;  it  was  looked  upon  as  probable  that  blood  would  prove  a  suit- 
able soil  or  medium  for  this  purpose.  It  was  found  in  some  instances 
to  have  exactly  the  opposite  effect.  The  chemical  characters  of  the 
sulwtauces  which  kill  the  bacteria  are  not  fully  known ;  indeed,  the 
same  is  true  for  most  of  the  substances  we  have  to  speak  of  in  this 
connection.  Absence  of  knowledge  on  this  particular  point  has  not, 
however,  |  1  import. mi.  riot  from  being  made, 

So  far  as  is  known  at  present,  the  substances  in  question  are 
proteid  in  nature.  The  bactericidal  powers  of  blood  are  destroyed  by 
heating  it  for  an  hour  to  55"  C.  Whether  the  substances  are  enzymes 
is  a  disputed  point.  So  also  is  the  question  whether  they  are  derived 
from  the  leucocytes ;  the  balance  of  evidence  appears  to  me  to  Ik-  in 
favour  of  this  virw  in  many  cases  at  auy  rate,  and  phagocytosis 
becomes  more  intelligible  it"  this  view  is  accepted.  The  substances, 
whatever  be  their  source  or  their  chemical  nature,  are  somei 
called  alexins,  but  the  more  usual  name  now  applied  to  them  is  that 
of  bactcrio-lysim. 

Closely  allied  to  the  bactericidal  power  of  blood,  or  blood-serum, 
is  its  globulicidal  power.  By  this  one  means  that  the  blood-serum  of 
one  animal  has  the  power  of  dissolving  the  ted  blood-corpuscles  of 
another  Species.  Tf  the  serum  Of  One  animal  is  injected  into  ui- 
blood -stream  of  an  animal  of  another  species,  the  result  Li  a  deal  motion 
of  its  red  corpuscles,  which  may  be  so  excessive  as  to  lead  t 
passing  of  the  lil>erated  haemoglobin  into  the  urine  (hemoglobinuria). 
The  substance  or  substances  in  the  serum  tliat  possess  this  properly 
are  called  Jiccmolysin.%,  and   though    [l  •  some  doubt  whether 

baeterio-lysius  and  hemolysins  are  absolutely  identical,  there  is  no 
doubt  that  they  are  closely  related  sul 

Another  interestiii"  in   this  connection  is  the  fact 

that  the,  bactericidal  power  of  the  blood  is  olosslv  related  to  its 
alkalinity.  Increase  of  alkalinity  means  increase  of  bactericidal 
power.  Venous  blood  contains  more  diffusible  alkali  than  arterial 
blood,  and  is  more  bactericidal;  dropsical  effusions  are  more  alkaline 
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than  normal  lymph,  and  kill  bacteria  more  easily.  In  a  condition 
like  diabetes,  when  the  blood  is  loss  alkaline  than  it  should  be,  the 
susceptibility    to    infectious    diseases    is   iin  Unity    is 

probably  beneficial  because  it  favours  those  oxidative  processes  in 
the  cells  of  the  body  which  are  so  essential  for  the  maintenance  of 
healthy  Ufa 

Normal  blood  possesses  a  certain  amount  of  substances  wlrich  are 
inimical  to  the  life  of  our  bacterial  foes.  But  suppose  a  person  gets 
rundown;  every  ono  knows  he  is  then  liable  to  "catch  any  tin 
This  coincides  with  a  diminution  in  the  bactericidal  power  of  hi8 
blood.  But  oven  a  perfectly  healthy  person  has  not  an  unlimited 
supply  of  bacterio-lysin,  and  if  the  bacteria  are  sufficiently  numerous 
he  will  fall  a  victim  to  the  disease  they  produce.  Hero,  however, 
comes  in  the  remarkable  part  of  the  defence.  In  the  struggle  he 
will  produce  more  and  more  bacterio-lysin,  and  if  he  gets  well  it 
means  that  the  bacteria  are  finally  vanquished,  and  Ins  blood  remains 
rich  in  the  particular  bacterio-lysin  ho  has  produced,  and  so  will 
render  him  immune  for  a  time  to  further  attacks  from  that  particular 
species  of  bacterium.  Every  bacterium  seems  to  cause  the 
mont  of  a  specific  bacterio-lysin. 

Immunii  ■,  i hi  more  conveniently  be  produced  gradually  in  animals, 
and  this  applies,  not  only  to  the  bacteria,  but  also  to  the  toxins  they 
form.  If,  for  instance,  the  bacilli  which  produce  diphtheria  are 
grown  in  a  suitable  medium,  they  produce  the  diphtheria  poison,  or 
toxin,  much  iu  the  same  way  that  yeast-cells  will  produce  alcohol 
when  grown  in  a  solution  of  sugar.  Diphtheria  toxin  is  associated 
with  a  proteose,  as  is  also  the  case  with  the  poison  of  snake  venom. 
If  a  certain  small  dose  called  a  "  lethal  dose"  is  injected  into  a  guinea- 
pig  the  result  is  death.  But  if  the  guinea-pig  receives  a  smaller 
■0  it  will  recover;  a  few  days  after  it  will  stand  a  rather  larger 
ioso ;  and  this  may  he  continued  until,  after  many  successive  gractauly 
increasing  doses,  it  will  finally  stand  au  amount  equal  to  many  lethal 
doses  without  any  ill  effects.  The  gradual  introduction  of  tho  toxin 
has  called  forth  the  production  of  au  antitoxin.  If  this  is  done  in 
the  horse  instead  of  the  guinea-pig  the  production  of  antitoxin  is 
si  ill  more  marked,  and  the  serum  obtained  frOD  the  blood  of  an 
immunised  horse  may  be  used  for  injecting  into  human  beings  suffering 
bom  diphtheria,  and  rapidly  cures  the  disease.  The  two  actions  of 
t  li-j  blood,  antitoxic  and  antibacterial,  are  frequently  associated,  but 
bo  entirely  distinct. 
The  antitoxin  is  also  a  proteid  probably  of  the  nature  of  a  globulin  ; 
at  any  rate  it  is  a  proteid  of  larger  molecular  weight  than  a  proteose. 
This  suggests  a  practical  point.  In  the  case  of  snake-poisoning  the 
poison  gets  into  the  blood  rapidly  owing  to  the  comparative  ease  with 
which  it  diffuses,  and  so  it  is  quickly  carried  all  over  the  body      In 
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treatment  with  the  antitoxin  or  antivenin,  .speed  is  everything  if  life 
is  to  he  saved;  injeeiMn  of  tibia  material  under  the  skin  is  not  much 
good,  for  the  diffusion  into  the  blood  is  too  slow.  It  should  be 
injected  straight  away  into  a  blood-vessel. 

There  is  no  doubt  that  in  these  cases  the  antitoxin  neutralises  tho 
toxin  much  in  the  same  way  that  an  ucid  neutralises  an  alkali. 
the  toxin  and  antitoxin  are  mixed  in  a  test-tube,  and  time  allowed 
for  tlio  interaction  to  occur,  the  result  is  AH  bmOOOOVa  mixture.  The 
toxin,  however,  is  merely  neutralised,  not  destroyed;  for  if  the 
mixture  in  the  test-tube  is  heated  to  68  C.  the  antitoxin  is  coagulated 
and  i.l'sm.oil  and  the  toxin  remains  as  poisonous  as  ever. 

Immunity  is  distinguished  into  active  and  passive.  Active  im- 
munity is  produced  by  the  development  of  protective  substances  in 
the  body ;  passive  immunity  by  the  injection  of  a  protective  scrum. 
Of  the  two  tho  former  is  the  more  permanent. 

Ricin,  the  poisonous  proteid  of  castor-oil  seeds,  and  abrin,  that 
of  the  Joquirity  bean,  also  produce,  when  gradually  given  to  animals, 
an  immunity,  due  to  tho  production  of  antiricin  and  antiabrin 
respectively. 

Khrlich's  hypothesis  to  explain  such  facts  is  usually  spoken  of  as 
the  side-chain  theory  of  immunity.  He  considers  that  tho  toxins  are 
capable  of  uniting  with  the  protoplasm  of  living  cells  by  possessing 
groups  of  atons  like  those  by  which  nutritive  proteids  are  united  to 
cells  during  m>rmal  assimilation.  He  terms  these  haptophor  groups, 
;uid  tho  groups  to  which  these  are  attached  in  the  cells  he  terms 
receptor  groups.  Tho  introduction  of  a  toxin  stimulates  an  excess 
production  of  receptors,  which  are  finally  thrown  out  into  the  circula- 
tion, and  the  free  circulating  receptors  constitute  the  antitoxin.  The 
comparison  of  the  process  to  assimilation  is  justified  by  the  fact  tliat 
non-toxic  BubBtances  like  milk  or  egg-white  introduced  gradually  by 
successive  doses  into  tho  blood-stroam  cause  tho  formation  of  anti- 
substances  capable  of  coagulating  them. 

Up  to  this  point  I  have  spoken  only  of  tho  blood,  but  month  by 
month  workers  are"  bringing  forward  evidence  to  show  that  other 
colls  of  tho  body  may  by  similar  measures  be  rendered  capable  of 
producing  a  corresponding  protective  mechanism. 

One  further  development  of  the  theory  I  must  mention.  At  least 
two  different  substances  are  necessary  to  render  a  serum  bactericidal 
or  globulicidal.  The  bacterio-lysin  or  hcemolysin  consists  of  these 
two  substances.  One  of  those  is  called  the  immune  body,  tho  other 
the  complement.  We  may  illustrate  the  use  of  these  terms  by  an 
example.  The  repeated  injection  of  the  blood  of  (me  animal  (e.g.  the 
goat)  into  the  blood  of  another  animal  (e.g.  a  sheep)  after  a  time 
renders  the  latter  animal  immune  to  further  injections,  and  at  the 
same  time  causes  the  production  of  a  serum  which  dissolves  readily 
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the  red  blood-corpuscles  of  the  first  animal.     The  sheep's  serum  is  thus 
hemolytic  town  'a  blood -corpuscles.    This  power  is  destroyed 

by  heating  to  56   C.  for  half  an  hour,  but  returns  when  the  fresh 

in  of  any  animal  is  added.  The  specific  immunising  substance 
formed  in  the  shoep  is  called  the  immune  body;  the  ferment-like 
sulwtauce  destroyed  by  hr.it  is  the  complement.  The  latter  is  not 
specific,  since  it  is  furnished  by  the  blood  of  non-iunuunisod  animals, 
Dot  it  is  nevertheless  essential  for  haemolysis.     Khrlich  believes  that 

immune  body  has  two  side  groups — ouo  which  connects  with  the 
receptor  of  the  red  corpuscles,  and  one  which  unites  with  the  hapto- 
>up  of  the  complement,  and  thus  renders  possible  the  ferment- 
nke  action  of  the  complement  on  the  red  corpuscles.  Various 
antibacterial  serums  which  have  not  been  the  buccoss  in  treat  in:: 
disease  they  were  expected  to  be,  are  probably  too  poor  in  comple- 
ment, though  they  may  contain  plenty  of  the  immune  body. 

To  put  it  another  way:  tho  cell-dissolving  substances  cannot  act 
on  their  objects  of  attack  without  an  intermediate  substance  to 
anchor  thorn  on  to  the  substance  in  question.  This  intermediary 
substance,  known  as  the  immune  body  or  amboceptor,  is  specific,  and 
varies  with  tho  substance  to  lie  attacked  (red  corpuscles,  bacterium, 
toxin,  etc.).  Tho  complement  may  be  compared  to  a  person  who 
want*  to  unlock  ft  door;  to  do  this  effectively  ho  must  be  provided 
with  the  proper  key  (amboceptor  or  immune  body} 

Quito  distinct  from  the  bactericidal,  globulicidal,  and  antitoxic 
imiperties  of  blood  is  its  agglutinating  action.  This  is  another  result 
■  •f  infection  with  many  kinds  of  bacteria  or  their  toxins.  The  blood 
acquires  the  property  of  rendering  immobile  and  clumping  together 
i  be  specific  l>acteria  used  in  the  infection.  The  test  applied  to  the 
blood  in  cases  of  typhoid  fever,  and  generally  called  Widal's  reaction, 
depends  on  this  fact. 

The  RubstaiK  en  that  produce  this  effect  are  called  agglutinins. 
They  also  are  probably  proteid-liko  in  nature,  but  are  more  resistant 
bo  heat  than  the  lysine.  Prolonged  heating  to  over  60 J  C.  is  necessary 
to  destroy  tl.<  lty. 

Lastly,  wo  come  to  a  question  which  more  directly  appeals  to 
physiologist  than  the  preceding,  because  experiments  in  relation  to 
immunity  have  furnished  us  with  what  has  hitherto  been  lacking, 

tieans  of  distinguishing  human  blood  from  the  blood  of  other 
animals. 

The  discovery  was  made  by  Tehistovitch  (1899),  and  his  original 
experiment  was  as  follows:— Rabbits,  dogs,  goats,  and  guinea-pigs 
were  inoculated  with  eel-serum,  which  is  toxic:  lie  thereby  obtained 
from  these  animals  an  antitoxic  scrum.  But  tho  serum  was  not  anlj 
antitoxic,  but  produced  a  precipitate  when  added  to  eel -serum,  but 
not  when  added   to  the  serum  of  any  other  animal.     In  other  words, 
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not  only  has  a  spocific  antitoxin  boon  produced,  but  ulso  a  spocili*- 
preeipitin.  Nuraorous  observers  liavn  since  found  that  this  is  a 
general  rule  throughout  the  animal  kingdom,  including  man.  If,  for 
instance,  a  rabbit  is  treated  with  human  hlood,  the  serum  ultimately 
obtained  from  the  rabbit  contains  a  specific  precipitin  for  horn 
blood  ;  that  is  to  say,  a  precipitate  is  formed  on  adding  such  a  rabbit's 
serum  to  human  blood,  but  not  when  added  to  the  blood  of  any  other 
animal.  There  may  be  a  slight  reaction  with  the  blood  of  allied 
ftoimalfl  ;  for  instance,  with  monkey's  blood  in  the  ease  of  man.  The 
great  viluc  o!  the  tost  is  its  delicacy;  it  will  detect  the  specific  bio  id 
hi  it  is  greatly  diluted,  after  it  has  been  dried  for  weeks,  or  even 
when  it  if  mixed  with  the  blood  of  other  animal >. 

We  tints  see  that  the  means  of  defence  in  the  body  are  numerous.  In  some  eases 
I  MM tcria  arc  killed  by  the  bactcriolysins  of  the  blood ;  in  other  rases  the  toxin: 
bacteria  produce  are  neutralized  by  antitoxins.  In  other  cases  still  the  Imeteria  are 
directly  attacked  and  devoured  by  the  white  corpuscles  or  phagocytes.  In  connec- 
tion with  phagocytosis  great  differences  are  noticeable ;  this  is  partly  explained  by 
what  is  called  ehtm^itaru ;  some  bacteria  produce  chemical  substances  that  attract 
the  leucocytes  to  their  neighbourhood  (position  chemotaxis)  i  in  other  cases,  such 
chemical  magnet.-,  in-  not  iiriulurrd,  in  even  negative  chemotaxts  may  oivur  and  the 
phagocyte-  l>c  repelled.  The  recent  discovery  ofOJWWHM  by  A.  K.  Wright  W  in  this 
connection  one  of  great  importance  :  it  illustrates  Uow  tlie  body  lluiils  and  the  leu<x>- 
cytcs  co-operate,  and  further  shows  how  elaborate  arc  the  means  the  body  possesses 
for  combating  bartcrial  invasion.  The  word  opsonin  b  derived  from  a  ("Jre-ek  word 
which  means  "  to  prepare  the  feasL"  Washed  bacteria  from  a  culture  are  distasteful 
to  phagocytes  5  but  it  the  bacteria  have  been  previously  soaked  in  scrum,  especially 
if  that  serum  lias  been  obtained  from  the  blood  ol"  an  animal  previously  immunised 
against  that  special  bacterium,  then  the  leucocytes  devour  them  eagerly :  in  other 
words,  something  has  been  added  to  the  bacterium  to  make  ft  tasty,  and  each  kind 
of  bacterium  apparently  requires  its  own  special  sauce  or  opsonin 


Hwmatoporphyrin  (see  p.  431).  If  oxyhemoglobin  is  treated  with  dilute 
acids  the  result  is  a  formation  of  luematin  and  globin.  but  if  strong  sulphuric  acid  is 
employed  the  iron  is  removed  from  the  htematin  and  so  himmtoporphyrin  i-. 
obtained.  Tht  stability  ol  the  iron  in  the  molecule  is  due  t/>  the  presence  of  oxygen, 
for  with  the  reduced  pigment,  h.r-inutopnrphyrin  is  obtained  even  when  dilute  acids 
arc  employed.  Pure  hwmatoporphyrin  can  once  more  be  converted  into  ha-matin 
(that  Is,  the  iron  can  be  replaced)  by  warming  a  solution  in  dilute  ammonia  and  adding 
•  little  Stoke*'  fluid,  and  a  few  drops  of  a  reducing  agent  like  hydrazine  hydrate. 
If  cuprammonium  solution  is  used  instead  of  Stokes'  fluid  in  this  experiment,  a 
cupper  compound  of  haeiuatoporphyrin  is  obtained,  which  is  identical  with  tnrutrm, 
the  bright  red  copper  containing  pigment  found  in  the  plumage  of  the  plantain- 
eating  birds.     ( Laidlaw.  J 
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Thr  alimentary  canal  consists  of  a  long  muscular  tube  lined  by 
mucous  membrane  beginning  at  the  mouth,  and  terminating  at  the 
an  us.  It  comprises  the  mouth,  pharynx,  oesophagus,  Btomach,  small 
intestine  and  large  intestine.  Opening  into  it  are  numerous  glands 
which  pour  jnioos  into  it;  those  bring  aboit  tlie  digestion  of  the  food 
as  it  passes  along.  Some  of  the  glands,  like  the  gastrio  and  intestinal 
glands,  are  situated  in  the  lining  mucous  membrane  of  the  canal ; 
others,  like  the  salivary  glands,  liver,  and  pancreas,  are  situated  at  a 
distance  from  the  main  canal,  and  pour  their  secretion  into  it  by 
means  of  side  tubes  or  ducts. 


Thr  Mouth 

This  cavity  is  lined  hy  a  mucous  membrane  consisting  of  a  corium 
of  fihrous  tissue  with  numerous  patches  of  lymphoid  tissue  in  it, 
especially  in  the  posterior  regions ;  and  an  epithelium  of  the  stratified 
variety  closely  resembling  the  epidermis.  The  surface  layers,  like 
those  of  the  epidermis,  are  made  of  horny  scales.  Opening  into  the 
mouth  are  a  large  number  of  little  mucous  glandB,  and  the  salivary 
glands  pour  their  secretion  into  the  mouth  also.  The  teeth  (p.  64) 
havo  l»eon  previously  studied.  The  tOSgQfl  will  be  considered  later 
in  connection  with  taste. 

Tub  Pharynx 

That  portion  of  the  alii  canal   which   intervenes  Ijetween 

(be  rni'uth  and  the  oesophugus  is  termed  the  Pharynx.  It  is  con- 
structed of  a  series  of  three  muscles  with  striated  fibres  (constrictors), 
which  are  covered  by  a  thin  fascia  externally,  and  are  lined  internally 
by  a  strong  fascia  (pharyngeal  aponeurosis),  on  the  inner  aspe 
which  is  areolar  (submucous)  tissue  and  mucous  membrane,  con- 
tinuous with  that  of  the  mouth,  and,  as  regards  the  part  concerned 
in  nraJQofffng,  identioeJ  with  it  in  general  structure.  The  epithelium 
of  this  part  of  the   pharynx,  like  that  of   the  mouth,  is  stratified. 
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The  upper  portion  "f  the  pharynx   into  which  die  nares  "i 
with  ciliaU^tl  opitholium. 

Tho  pharynx  is  well  supplied  with  mucous  glands. 

Between  the  anterior  and  posterior  arches  of  the  soft  palate  are 
situated  the  Tonsils,  one  on  each  side.  A  tonsil  consists  of  an  eleva- 
tion of  the  mucous  membrane  presenting  1U  bo  15  orifices,  which  lead 
into  crypts  or  recesses,  in  the  walls  «»f  which  are  placed  nodules  of 
lymphoid  tissue  (fig.  373).  These  DOdolea  are  enveloped  in  a  less 
dense  adenoid  tissue  which  reaches  the  mucous  surface.  The  surface 
is  covered  with  stratified  epithelinmj  and  the  oorinm  may  present. 
r  ii  iimentary  papillee  formed  of  adenoid  tissue.     The  tonsil  is  bountta  I 


JSpttML 


I 
I  propria. 


J 


Flu.  871.  -Vertical  «*cttnn  tlinmgh  a  crypt  of  t)m  human  U'tisil.     1,  nnlranivi  to  ths  crypt :  I  tad  8.  the 
fruniwarlc  ofaita  <kngflbruu*  tluue;  a  and  ft,  lymphuM  ItMalM;  3  anil  C, 

Mocd-rwaals.    (Ht.'lir.) 

beneath  by  a  fibrous  capsule  (fig.  373,  4).     Into  the  crypts  open  bfae 
ducts  of  numerous  mucous  glands. 


Thb  (Esophagus  or  Gullet 

The  (Esophagus  or  Gullet,  the  narrowest  port  te  alimen; 

canal,  is  a  muscular  tube,  nine  or  ten  inches  in  length,  which  extends 
from  the  lower  end  of  the  pharynx  to  the  cardiac  orifice  of  the 
Btotn ach.  It  is  made  up  of  three  coats — viz.,  the  outer,  mus- 
the  middle,  submucous ;  and  the  inner,  mucous.  The  muscular  coat 
is  covered  externally  by  a  varying  amount  of  loose  fibrous  tissue.  It 
is  composed  of  two  layers  of  fibres,  the  outer  being  arranged  longi- 
tudinally, and  the  inner  circularly.     At  the  upper  part  of  the  aeso- 
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pliii.LCus  this  coat  is  made  op  principally  <>f  striated  muscle  fibros; 
they  are  cmi!  intinus  with    lli*;  OOTlStriOtOT    museles  uf  tho  pharynx, 

but  lower  down  the  uustriated  fibres  become  more  and  more  numorous, 
.unl  tmvards  tfafi  end  of  tho  tube  fnrm  the  entire  coat.  The  muscular 
OMt  ifl  ununited  with  the  mucous  coat  by  a  more  or  less  developod 
layer  of  areolar  tissue,  which  forms  the  submucous  coat,  in  which  are 
contained  in  the  lower  half  or  third  of  tho  tube  many  mucous  glands, 
the  ducts  of  which,  passing  through  the  mucous  membran< 


:: 


- 
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its  surface  (fig.  374).  In  the  deepest  part  of  the  mucous  membrane 
is  a  well-ilf\. •!..]>..]  Ly.-.r  of  l^ii^iMulinally  arranged  unstriated  muscle, 
called  the  muscularis  mucosa:.  The  corium  of  the  mucous  membrane 
b composed  of  dns eonoaetivQ  ttssoe,  wMdi,  toward*  th«  raxfaoe,u 
elevated  into  papillte.  It  is  covered  with  a  stratified  epithelium,  of 
which  tho  most  superficial  layers  are  composed  of  squamous  cells. 
Tho  epitholium  is  arranged  upon  a  basement  membrane. 

In  m-wly-horn  children  the  corium  exhibits,  in  many  parts,  the 
structure  of  lymphoid  tissue  (Klein). 


The  stomach  is  a  dilatation  of  the  alimentary  canal  placed  between 
and  continuous  with  the  oesophagus,  which  enters  its  larger  or  cardiac 
end  on  the  one  hand,  and  the  small  intestine,  which  commences  ut 
its  narrowed  end  or  pylorus,  OS  the  otbsc 

Its  wall  is  composed  of  four  touts,  (I)  an  external  or  peritoneal, 
(2)  muscular,  (3)  submucous,  and  (4)  mucous  coat;  with  blood-vessels, 
lymphatics,  and  nerves  distributed  in  and  between  them. 

(1)  The  peritoneal  coat  has  the  structure  of  serous  membranes  in 
general.  (2)  The  muscular  coat  consists  of  three  separate  layers  or 
sets  of  fibres,  which,  according  to  their  several  directions,  are  named 
tin.:  longitudinal,  circular,  and  oblique.  The  longitudinal 
most  superficial :  they  are  continuous  with  the  longitudinal  libit-: 
tin;  oesophagus,  and  spread  out  in  a  diverging  manner  over  the  cardiac 
ond  and  sides  of  the  stomach.  They  extend  as  far  as  the  pylorus, 
being  especially  distinct  at  the  lcBser  or  upper  curvature  of  the  stomach, 
along  which  they  pass  in  several  strong  bands.  The  next  set,  the 
circular  or  transverse  fibros,  are  most  abundant  at  the  middle  and  in 
the  pyloric  portion  of  the  organ,  and  form  the  chief  part  of  the  thick 

fjrojecting  ring  of  the  pylorus.  They  are  continuous  with  the  circu- 
ar  layer  of  the  intestine.  The  deepest  set  of  fibres  are  the  oblique, 
continuous  with  the  circular  muscular  fibres  of  the  oesophagus:  they 
are  comparatively  few  in  number,  and  are  found  only  at  the  cardiac 
portion  of  the  stomach;  they  form  a  sphincter  around  the  cardiac 
orifice.  The  muscular  fibres  of  the  stomach  and  of  the  intestinal 
canal  are  unstriated,  boing  composed  of  elongated,  .spindle-shaped 
fibre  •cells, 

(3)  The  submucous  coat  consists  of  loose  areolar  tissue,  which 
couihm-Is  the  muscular  coat  to  the  mucous  membrane.  It  contains 
blood-vessels  and  nerves ;  in  the  contracted  state  of  the  stomach  it  is 
thrown  into  numerous,  chiefly  longitudinal,  folds  or  rugae,  which  dis- 
appear when  the  organ  is  distended. 

(4)  The  mucous  membrane  is  composed  of  a  corium  of  fine  con- 
nective tissue,  which  approaches  closely  in  structure  to 
tissue;  this  tissue  supports  the  tubular  glands  of  which  the  super 
ficial  and  chief  i>art  of  the  mucous  mombrano  is  composed,  and  pass- 
ing up  between  them  assists  in  binding  them  together.  The  glands 
are  separated  from  the  rest  of  the  mucous  membrane  by  a  very  fine 
homogeneous  basement  membrane.  The  corium  is  covered  with  a 
layer  of  columnar  epithelium,  which  passes  down  into  the  mouths  of 
the  glands. 

At  the  deepest  part  of  the  mucous  membrane  are  two  thin  UjQl  s 
(circular  and  longitudinal)  of  uristriju-d  muscular  fibres,  called  the 
muscularis  mucosa. 
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When  examined  with  a  lens,  Ihe  internal  or  free  snrfaco  of  the 
mmch  presents  a  peeulia  i      nance,  produced  by 

shallow  ;  il  depression*,  the 

diameter  of  which  varies  generally 
from  2£Bth  to  n-faili  of  an  inch 
(about  125^) ;  but  near  the  pylorus 
is  as  much  as  i^th  of  an  inch 
(250/tX  ln  ^ie  bottom  of  these 
little  pits,  and  to  some  extent 
tatween  them,  minute  openings 
are  visible,  which  are  the  orifices 
of  tin-  duefc  of  |  ipendicularly 
in.iiiL.ed  tubular  glands  (fig.  375), 
imbedded  side  by  side  in  sets  or 
bundles,  on    the    surface   of    the 


Pi<j.  ST*.— TiftuiTtrw  lection  thrvar'i 
loaer  part  of  cardiac  glands  of  a  eat. 
a.  parietal  ceil. ;  l>.  central  cells; 
c,  trajuvenc  eecUoo  of  capUUrtee. 

mucous  mombrano,  and  composing 
nearly  the  whole  structure, 

The  glands  of  the  mucous 
membrane  are  of  two  varieties, 
(a)  Cardiac,  (6)  Pyloric. 

(a)  Cardiac  glands  are  found 
throughout  the  whole  of  the  cardiac 
half  and  fundus  of  the  stomach. 
They  arc  arranged  in  groups  of 
four  01  live,  wbifh  are  separated 
by  a  fine  connective  tissue.  Twn 
or  three  tubes  open  into  one  duct, 
h  forms  about  a  third  of  the 
whole  length  of  the  tube  and  opens  on  the  surface.  The  ducts  are 
Used  ••viii  oar  epithelium.     Of  the  glond-tubo  proper,  i.e.  the 

part  of  the  gland  below  the  duct,  the  upper  third  ■  toe  ncek  and  the 
rest  the  bedf.     The  neck  is  narrower  than  the  body,  and  is  lined  with 

2  r 


Via.  174.— From  a  vertical  Mellon  through  the 
iiiisrmw   membrane   of  the  cardiac  aud    of 
stomach.   Twojrlandiarvibovnwlthaiiart 
common  to  both,    a,  duct 
epithelium  becoming  ahorter  at  the 
traced  down»ard  ;   n,  Hi  <J  tube*, 

with  antral  *n'l  i-an«tsl  eaUa;  6,  fendni 
■niiii  rut.fi  em  ill  extremity— the  parietal 
oelli  are  not  to  numerous  here.  (Klein  and 
Not.: 
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coarsely  granular  polyhedral  cells  which  ai  uious  with  the 

columnar  cells  of  the  duct.     Between  these  cells  and  the  basement 
membrane  of  the  tubes,  are  large  oval  or  spherical  cells,  opaque 
granular  iu  ice,  with  clear  oval  nuclei,  bulging  out  the  base- 

ment membrane;  these  colls  are  called  parietal  cells.     They  do   HOi 
fin  in  ;i  continuous  l;i\cr      The  body  \vhi«;h  is  broader  than   th 

terminates  in  a  blind  extremity  or/  tamonlf 

mucosae,  is  lined   by  cells  o  18  with  the  central  >■  the 


Kin.  878.     Plan  ,,r  Hi.  tiiood-TMaaU  of  tlm 
«u»m»ch,  m  ttaay  would  b»  •ecu  In  • 


Pia.    377.—  SecUon     ■howlng     the 

Eorlr    eland*,      i,    fr-co     «ur. 
t ;  J.ducLsof  p\  i 
«,  neck  of  nam*;  m,  Uiw  itlaii'l 

tubulqi;    «•"«,    lunm-iilarl*   rou- 

cos*.   (Klein  anM 


lion,    n,  arlrrtna.  i«aaiag 

,     i. 

noat;  b,  MpitlariM  branching  batwMi 
and  an  S|  .  rflrtal 

plcxu)  of  capillar!**  occuji)ing  tlie 
ridg**  of  th*  mocooe  marobntna; 
"f  vein* 
i   •  ■  ' 

Lbe  «iii»TU(-i»l   capillary  pl«»u«.  are 
mmi  paiuliigdown  DM  ween  Uivlubra. 


neck,  but  longor,  more  columnar  ami  more  transparent  In  this 
paxf  are  a  few  parietal  cells  of  the  same  kind,  as  in  the  neck 
(fig.  375). 

(6)  Pyloric  Glands. — These  glands  (fig.  377)  have  much  longer 
ducts  than  the  cardiac  glands.  Into  each  duct  two  or  three  tubes 
open  by  very  short  and  narrow  necks,  and  the  body  of  each  tube  is 
branched,  wavy,  and  convoluted.  The  lumen  is  large.  The  ducts  are 
lined  with  columnar  epithelium,  and  the  neck  and  body  with  shorter 
and  finely  granular  cubical  cells,  whioh  eorrespond  with  tho  central 
cells  of  tho  cardiac  glands.  As  they  approach  tile  duodenum  tho 
pyloric   glands   become  larger,  more   convoluted  and  more  deeply 
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situated.     They  are  directly  continuous  with  Brunnor's  glands  in  the 
duodenum. 

Lymphatics. — Lymphatic  vessels  surround  the  gland  tulxte  bo  n 
greater  or  less  extent.  Towards  the  fundus  of  the  cardiac  glands  are 
found  masses  of  lymphoid  tissuo,  which  may  appear  as  distinct 
follicles,  somewhat  like  the  solitary  glands  of  the  small  intestine. 

Blood-vessels. — The  blood-vessels  of  the  stomach,  which  lit 
up  in  the  sub-mucous  tissue,  send  branches  upward  between   the 

fly  packed  glandular  tubes,  anastomosing  around  them  by  means 
of  a  fine  capillary  network,  with  oblong  meshes.  Continuous  with 
this  deeper  plexus,  or  prolonged  upwards  from  it,  is  a  more  superficial 
network  of  larger  capillaries,  which  branch  densely  around  Che  i  1  ificee 
of  the  tubes,  and  form  the  framework  on  which  are  moulded  the 
small  elevated  ridges  of  mucous  membrnno  bnuudiug  the  minute. 
polygonal  pita  before  referred  to.  From  this  superficial  network  the 
veins  chiefly  take  their  origin.  Thence  passing  down  between  the 
tul)efi,  with  no  very  free  connection  with  tin  deeper  inter-tubular 
capillary  plexus,  they  open  finally  into  the  venous  network  in  the 
submucous  tissue  (fig.  378). 

Nerves. — The  nerves  of  the  stomach  are  derived  from  the  poemac 
gastric  and  sympathetic,  and  form  two  plexuses,  one  in  the  sub- 
mucous and  the  other  between  the  muscular  layers. 

These  plexuses  are  continuous  with  those  which  occur  in  the 
same  situations  in  the  intestine,  and  which  we  shall  again  refer  to 
there. 

The  Intestines. 

The  Intestinal  Canal  is  divided  into  two  chief  portions,  named, 
from  their  differences  in  diameter,  the  small  and  large  intestine. 
These  are  continuous  with  each  other,  and  communicate  by  means 
of  an  opening  guarded  by  a  valve,  the  ileo-caeal  valve,  which  allows 
the  passage  of  the  products  of  digestion  from  the  small  into  the 
large  bowel,  but  not,  under  ordinary  circumstances,  in  the  opposite 
direction. 

The  Small  Intestine,  the  average  length  of  which  in  an  adult 
is  about  twenty  feet,  has  been  divided,  for  convenience  of  descrip- 

i,  into  three  portions,  viz.,  the  duodenum,  which  extends  for  eight 
ur  ten  inches  beyond  the  pylorus ;  t..\n-  j>junum,  which  forms  two-fifths, 
and  the  ileum,  which  forms  three-fifths  of  the  rest  of  the  00 1 

Like  the  stomach,  it  is  constructed  of  four  coats,  \  i/..  the  serous, 
muscular,  submucous,  and  mucous. 

(1.)  The  serous  coat  is    formed   by   the   visceral   layer  of   il 
peritoneum,  and  has  the  structure  of  serous  membranes  in  general. 

(2.)  The  muscular  coat  consists  of  an  internal  circular  and  an 
external  longitudinal  layer:  the  former  is  usually  considerably  the 
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Both  alike  consist  of  bundles  of  unstriped  muscle  si 

ore    well   provided   with  lymph 
vessels,  which   form  a  set  i 
from    those   of    the   mucous   mem- 
brane. 

Between  the  two  muscular  coats 
is  a  nerve-plexus  (Auerbach's  pier 
(fig,   380),   similar   in   structure    to 
Meissner'H  (in  the  submucous  coat), 
but  coarser  and  with  more  numei 
'lia. 

(3)  Between  the  mucous  Bad 
muscular  coats  is  the  submttcous  coat, 
which  consists  of  connective  tissue  in 
which  numerous  blood-vesselB  and 
lymphatics    ramify.     A    line  plexus. 

:    mainly  of  mm-medull  l 
nerve-fibres,  Mei&sner'e  plexus,   « 
ganglion  cells  at  its  nodes,  occurs 
in  the  submucous  tissue  from  the  stomach  to  the  anus. 

(4)  The  mucous  membrane  is  the  most  important  coat  in  relation 
to  the  function  of  digestion.     Its  general  structure  resembles  that 


Tta.  MO.— Auorb*ch'aa«rr»-pl«xai  In  «mill  IntataM.    Ouglloi 

Who1«  of  which  1*  enclosed  In  ■  nucleated  nhntth.    (Kl«ln.) 

of  the  stomach,  ami,  like  it.  is  lined  on  its  inner  surface  by  columnar 
epithelium.  Adenoid  tissue  (fij^.  379)  enters  largely  into  its  construc- 
tion ;  and  on  its  deep  wirfuiT  nnsrulurix  mucosa1  (m,  fig.  382). 
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the  fibres  of  svhich  are  arrange*!  in  two  layers:  the  outer  longitudinal 
ami  the  inner  circular. 

■'ruue  Conixiveni«&. — The  valvuke  conniventes  (fig.  381)  com- 
mence in  the  duodenum,  ahout  one  or  two  inchoa  beyond  the  pylorus, 
and,  becoming  larger  and  more  numerous  immediately  beyond  the 
entrance  of  the  bile  duct,  continue  thickly  arranged  and  well  developed 
throughout  the  jejunum;    then,  gradually   diminishing   in   size  and 

number,  they  cease  near  the  middle  of  (fie  ileum.  They  are  farmed 
by  a  doubling  inwards  of  the  mucous  membrane;  the  crescentic, 
nearly  circular,  folds  thus  formed  are  arranged  transversely  to  the 
axis  of  the  Intestine,  but  BSflO  individual  fold  seldom  extends  around 
more  than  I  or  j  of  the  bowel's  circumference. 
Unlike  the  rQfiSS  in  the  oesophagus  and  stomach, 
they  do  not  disappear  on  distension  of  the 
Their  function  tl  bo  afford  a  largely  increased 
Be  for  secretion  and  absorption.  They  an- 
i.rl  with  villi. 

Villi.— The  Villi  (figs.  382,  383,  and  384)  are 
confined  exclusively  to  the  mucous  membrane  of 
the  small  intestine.  They  are  minute  vascular 
processes,  from  TV  to  \  of  an  inch  (*5  to  3  mm.) 
in  length,  coveting  the  surface  of  the  mucous 
membraue,  and  giving  it  a  peculiar  velvety,  fleecy 
appearance.  Krause  estimates  them  at  fli 
ninety  in  iniml  ■  square  line  at  the  upper 

part  of  the  small  intestine,  and  at  forty  to 
seventy  in  the  same  area  at  the  lower 
They  vary  in  form  even  in  the  same  animal,  and 
differ  according  as  the  lymphatic  vessels  or 
lad  wis  which  they  contain  are  empty  or  full ; 
usually,  in  tl  er  ease,  flat  and  pointed 

at  their  summits,  iu  the  latter  cylindrical. 

Each  villus  consists  of  a  small  projection  Of  mucous  membrane . 
its  interior  consists  of  fine  adenoid  tissue,  which  forms  tho  frame- 
work in  which  the  other  constituents  are  contained. 

The  surface  of  tho  villus  is  clothed  by  columnar  epithelium,  which 
rests  ou  a  fine  basement  membrane;  while  within  this  are  found, 
iv.-k.uiing  from  without  inwards,  hUmd-vessels,  fibres  of  the  viuscularis 
mucosae,  and  a  Lymphatic  0T  luteal  vessel  sometimes  looped  or 
branched  (fig.  384). 

The  epithelium  is  continuous  with  that  lining  the  other  parts  of 
tho  mucous  membrane.  The  cells  are  arranged  with  their  long  axis 
radiating  from  the  surface  of  the  villus  (fig.  383),  and  their  smaller 
ends  resting  on  the  basement  membrane.  The  free  surface  of  the 
epithelial  cells  of  the  villi,  like  that  of  the  cells  which  cover  the 
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general  surface  of  the  mucous  membrane,  is  surmounted  by  a  bright 
striated  border  (see  pp.  26-27). 

Immediately  beneath  the  basement  merabrano  thcro  is  a  rich 
supply  of  blood-vessels.  Two  or  more  minute  arteries  are  distributed 
within  each  villus;  and  from  their  capillaries,  which  form  a  dense 

network,  proceed  one  or  two  small 
veins,  wliii-h  pan  out  at  the  base  of 
the  villus. 

The  layer  of  the  muscularis  mucous 
in  the  villus  forms  a  kind  of  thin  hollow 
1  iately  around  the  central 
lacteal,  and  is.  therefore,  situated  !»•- 
neath  the  blood-vessels.  It  is  instru- 
mental in  the  propulsion  of  chyle  a] 
the  lacteal. 

The  lacteal   vessel*    form    the    a 


V 


.-•.-. 


tin.  Mfc— Totted  mltai  of  diioU- 
Mini,  ikovtag  >rH» 

of  Ltaberknlin,  nd   -.  Iinmtwir'a 
rlaniU  In  Mi*  ■abnmniaa  J,  with 

•iu*.u.'':  a— ImIi  mnomt,  •*: 

ami    rin-uiar   mimrular    mal.,    i. 
(SckoiMil.) 


rlu.  K».- Vertical  aecUun  ofnilluul 
lb*  small   intaalloe  of  a   Ml 
striatal  bunlm  u(  Ibr  ■ptlhri" 
columnar  epithelium:  r.  gobli  ■ 
<i,  central   lytnpffveaaM ;  »,  •  mooUi 
muscular  fibres  ;  /,  ademii-1  tlrunia  uf 
tlia  villus  rn  wtiich  lymph  corpuscles 
He.    (Klein.) 


mencoui.MiL  erf  tin-  intestinal  lymphatic  system.  Each  begins  almost 
ll  the  tip  of  the  villus  commonly  by  a  dilated  extremity.  In  the 
larger  villi  there  m.iv  I  mall  lacteal  vessels  which  join,  or  the 

lacteals  may  form  a  network  in  the  villus  (tig.  384). 

Glands.— The  glands  arc  of  two  kinds: — viz.,  those  of  Lieberkiihn 
and  of  Brunnor.     Peyer's  patches  and  the  solitary  follicles  art 
posed  of  lymphoid  nodules.    Though  sometimes  called  glands,  they 
form  no  external  BOQVetfr 

The  glands  or  crypts  of  Lieberkiihn  aro  tubal*!  depressions  of  the 
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intestinal  mucous  membrane,  thickly  distributed  over  the  whole 
surface  both  of  the  large  and  small  intestines.  In  the  small  intestine 
thoy  are  visible  only  v.  aid  of  a  lens;  and  tlun-  orifices  appear 

as  minute  dots  scattered  between  the  villi.  They  are  larger  in  the 
largo  intestine,  and  increase  in  size  the  nearer  they  approach  tho 
anal  end  of  the  intestinal  tube;  and  in  the  rectum  their  orifices  may 
be  visible  to  the  naked  eye.  In  length  they  vary  from  !„  to  ^  of 
an   inch.     Each  tubule  (fig.  386)  is  constructed  of  a  fine  basement 


.  H.-A.    I'illuM  nf  llurp.     B.   ! 


(Slightly  altered  from  Telekom.) 


icmbrant,  lined  b)  ;>  tsyet  of  eoltunnsz  epithelium,  many  of  tho  colls 
Of  which  aro  goblot  cells. 

Bruiuier's  (jlamh  (Hg.  382)  are  confined  to  tbe  duodenum;  they 
aro  most  abundant  and  thickly  set  at  its  commencement,  and  diminish 
gradually  as  the  duodenum  advances.  They  are  situated  beneath  the 
muscularis  mucosa-,  imbedded  in  tho  submucous  tissue;  each  gland 
is  a  branched  and  convoluted  tube,  lined  with  ri  lumnar  npithelium. 
lu  structure  they  are  very  similar  to  tho  pyloric,  glands  of  the 
stomach,  but  (buy  are  more  branched  and  convoluted,  and  their  ducts 
aro  longer.  The  duct  of  each  gland  parses  through  tho  muscularis 
mucosa1,  and  opens  on  tho  surface  of  the  mucous  membrane. 
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Peycr's  patches  are  found  in  greatest  abundance  in  the  lower  part 
1 1. a  ileum  Dear  to  the  ileo-^iecal  valve.     They  consist  of  aggregi 
groups  of  lymphoid  nodules;  they  vary  from  one  to  three  inches  in 


cryj'tt  of  UoberkQhn  from  U  • 
lnte*o  t    Th<y  »i 

by  columnar  npithcliil  ct'lW.  tlM 
..■  |il»oe«l  in  Uieuuler  |'*rt 
of  Uio  c«U».  The  division*  twtwew 
the  «H»  an  tiwn  ax  lin»«  reillsliuK 
from  t,  the  lumen  or  i; 
epilfielUI  o*U»,  whkh  hare  become 
f  xmed  into  gnhlat  «vJl«.  x  810. 
(Klon,  Ud  S..M-  Smith,) 


Ki.i.  Mo. -A 
<>r  liiotmk 
Ifin^itudlnat  »*c 

(HrtuluD.) 


length,  and  are  about  half-an-incli  in  wiiltli,  r.liifitlv  of  u  oval  form, 
their  long  axes  being  parallel  with  that  of  thu  intestine.  They  are 
almost  always  placed  opposite  the  attachmeat  of  thy  mesentery. 

When  the  lymphoid  nodules  occur  singly,  as  they  often  do  "both  in 
small  and  large  intestines,  they  are  call"!  toXUarjf  glands,  orfol 


<•■ 


k 


Fio.  187—  A«»'in»tc  folllclea,  or  I>yer>  patch,  In  a  §t»t«  of  dliUniloo.     x  4.    (Boehm.) 

The  Large  Intestine  in  an  adult  is  from  about  4  to  6  feet  bog  , 
it  is  subdivided  for  descriptive  purposes  into  throe  portions,  via, : — the 

7,  a  short  wide  pooob,  communicating  with  the  lower  end  i 
Binall  intestine  through  an  opening,  guarded  by  the  ileo-cacal  valve; 
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the  colon,  continuous  with  the  ctecum,  whi  h  forme  the  principal 
1 1  at  of  the  large  intestine,  and  is  divided  into  ascending,  transverse, 
and  descending  portions;  and  the  rectum,  which,  after  dilating  at 
its  lower  part,  again  contracts,  and  immediately  afterwards  opens 
externally  through  the  anus.  Attached  to  the  caecum  is  the  small 
apjMndix  vermiformis. 

Like  the  small  intestine,  the  large  intestine  is  constructed  of  four 
coats,  viz.,  the  serous,  muscular,  submucous,  and  mucous.  Tho  serous 
coat  has  connected  with  it  the  Bmall  processes  of  peritoneum  containing 

called  appendices  epiploicce.  The  fibres  of  the  muscular  coat,  ii 
thoae  of  the  small  intestine,  are  arranged  in  two  layers — the  outer 
toflffitudifl ,il,  the  inner  circular.  Tn  the  caecum  and  colon,  the  longi- 
tudinal nstead  of  boing,  as  iu  tho  small  intestine,  thinly  dis- 
posed in  all  parts  of  the  wall  of  the  bowel,  are  collected,  for  tho  most 
]» irt,  into  throo  strong  bands,  which,  being  shorter,  from  end  to  end,  than 
tho  other  coats  of  the  intestine,  hold  the  canal  in  folds,  bounding  in- 
termediate sacculi.  On  the  division  of  these  bands,  the  intestine  can 
be  drawn  out  to  its  full  length,  and  it  then  assumes  a  uniformly 
liudriosJ  form.  In  the  roctuin,  the  fasciculi  of  these  longiiiKlm.il 
l>ands  spread  out  and  mingle  with  the  other  longitudinal  fibros,  form- 
ing with  thorn  a  thicker  layer  of  fibres  than  exists  in  any  other  part 
the  intestinal  canal.  Tho  circular  muscular  fibros  are  spread  over 
tho  wholo  Ixjwel,  but  are  somewhat  more  marked  in  the  intervals 
between  the  BSOOUli  Towards  tho  lower  end  of  the  rectum  they 
booouie  more  numerous,  and  at  the  anus  they  form  a  strong  ring 

lad  the  interna!  n  'muscle. 

The  mucous  membrane  of  the  largo,  liko  that  of  the  small  intestine, 
is  lined  throughout  by  columnar  opithclium,  but,  unlike  it,  is  quite 

ntuto  of  villi,  and  is  not  projected  in  the  form  of  valvukv  ron- 
niventes.      It   is   bounded    below    by   tho  muscularis   mucosa:      The 
:  alignment  of  ganglia  and  nerve-fibres  in  the  largo  resembles  that 
in  iho  small  intestine. 

Glands. — The  glands  with  which  the  large  intestine  is  provided 
are  simple  tubular  glands,  or  glands  of  Lieberkiihn;  they  resem bio 
those  of  the  small  intestine,  but  are  somowhat  larger  and  more 
numerous,  and  contain  a  very  great  number  of  goblet  cells ,  nodules  of 
adenoid  or  lymphoid  tissue  are  most  numerous  in  tho  caecum  and 
vermiform  appendix.  They  resemble  in  shape  and  structure  the 
sol M  1 1' Is  iif  i  bo  small  intestine.     Peyer's  patches  are  not  found 

in  tho  large  intestine. 

neo-cmcal  Valve. — The  ileo-cjecal  valve  is  situated  at  the  place  of 
junction  of  the  small  with  the  large  intestine,  and  guards  against  any 
reflux  of  the  contents  of  the  latter  into  the  ileum.  It  is  composed  of 
two  semilunar  fobls  of  mucous  membrane.  Each  fold  is  formed  by  a 
doubling  inwards  oi  tho  mucous  momhninc,  and  is  strcn  on 
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tho  outside  by  some  of  tliB  circular  muscular  fibres  of  the  intestine, 
which  are  contained  between  the  outer  .surfaces  of  the  two  layers  of 
which  each  fold  is  composed.  While  the  circular  muscnlu  til»res, 
however,  at  the  junction  of  tho  ileum  with  the  c;ecum  are  contained 
between  tho  outer  opposed  surfaces  of  tho  folds  of  raucous  mombrane 
which  form  tho  valve,  the  longitudinal  muscular  fibres  and  the  peri- 

iiiii  of  the  small  and  large  intestine  respectively  are  continuous 
with  each  other,  without  dipping  in  to  follow  tho  circular  fibres  a 
the  mucous  membrane.    In  this  manner,  therefore,  the  folding  in- 
wards of  these  two  last-named  structures  is  preserved,  while  on  I 
other  hand,  by  dividing  the  longitudinal  muscular  tibres  and  thepeii- 

ura,  tho  valvo  can  bo  made  to  disappear,  just  aa  the  constrictions 
between  the  sacculi  of  the  large  intestino  can  bo  made  to  disappear 
by  informing  a  similar  operation.  The  mucous  membrane  of  the 
ileum  is  continuous  with  that  of  the  caecum.  That  surface  of  each 
fold  of  the  ileo-ccecal  valve  which  looks  towards  the  small  intestine  is 
covered  with  villi,  while  that  which  looks  to  the  caecum  has  none. 
When  the  caecum  is  distended,  the  margins  of  the  folds  are  stretched, 
and  thus  aro  brought  into  firm  apposition  ono  with  the  other. 
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TilK  chief  chemical  compounds  or  proximate  principles  iu  food  are: — 

1.  ProUHds ] 

2.  Carbohydrates \  organic. 

I   Fats I 

St  :    ■.::::;::    >•*«»- 

In  milk  and  in  eggs,  which  form  the  exclusive  foods  of  young 
animals,  all  varieties  of  those  proximate  principles  are  present  in 
suitable  proportions.  Hence  they  are  spoken  of  as  perfect  foods. 
Eggs,  though  a  perfect  food  for  the  developing  hird,  contain  too  little 
carbohydrate  for  a  mammal.  In  most  vegetable  foods  carbohydrates 
are  in  excess,  while  in  animal  food,  like  meat,  the  proteids  are  pre- 
dominant. In  a  suitable  diet  these  should  be  mixed  in  proper 
proportions,  which  must  vary  for  herbivorous  and  carnivorous 
auimals. 

A  healthy  and  suitable  diot  muBt  possess  the  following  cha- 
racters:— 

1.  It-  must  contain  the  proper  amount  and  proportion  of  the 
various  proximate  principles. 

2.  It  must  be  adapted  to  the  climate;  to  the  ago  of  the  individual, 
and  to  the  amount  of  work  done  by  him. 

'S.  The  food  must  contain  not  only  the  necessary  amount  of 
proximate  principles,  but  these  must  be  present  in  a  digestible  form. 
As  an  instance  of  tliis,  many  vegetables  (peas,  beans,  lentils)  contain 
oven  more  proteid  than  beef  or  mutton,  but  are  not  so  nutritious,  as 
they  are  less  digestible,  much  passing  off  in  the  fceces  unused. 

The  nutritive  value  of  a  diet  depends  chiefly  on  the  amount  of 

carbon  and  nitrogen  it  contains.     A  man  doing  a  moderate  amount  of 

work  will  eliminate,  chiefly  from  the  lungs,  in  the  form  of  carbonic 

acid,  from  250  to  280  grammes  of  carbon  per  diem.     During  the  same 

time  bo  will  eliminate,  chiefly  in  the  form  of  urea  in  the  urine,  about 
m 
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15  to  18  grammes  of  nitrogen.  These  substances  are  derived  from 
the  motaboiism  of  the  tissues,  and  various  forms  of  energy,  mechanical 
motion  and  heat  being  the  chief,  are  simultaneously  liberated.  During 
muscular  exercise  the  output  of  carlion  greatly  increases ;  the  increasea 
excretion  of  nitrogen  is  not  nearly  so  marked.  Taking,  thon,  the 
state  of  moderate  exorcise,  it  is  necessary  that  the  waste  of  tho  tissues 
should  be  replaced  by  fresh  material  in  the  form  of  food;  and  the 
proportion  of  carbon  to  nitrogen  should  be  the  same  as  in  the  excre- 
tions :  250  to  15,  or  166  to  1.  The  proportion  of  carbon  to  nitrogen  in 
protcid  is,  howevor,  53  to  15,  or  35  to  1.  Tho  extra  supply  of  carbon 
must  como  from  non-nitrogenous  food — viz.,  fat  and  carbohydrate. 
Moloschott  gives  tho  following  dailv  dtfofc: — 

Protcid \20grms. 

F»t M 

Carbohydrate 333     ,. 

Kunke's  diet  closely  resembles  Moloschott's ;  it  is  — 

Protcid lOOgrma. 

Fat ...  .     100      .. 

C;irl>ohydnite 250 

Such  typical  diets  ub  those  must  not  be  considered  as  more  than 
rough  averages  of  what  is  necessary  for  a  man  in  the  course  of  the 
day.  Actual  experience  shows  that  in  tho  diots  of  different  nations 
there  are  considerable  variation*  from  this  standard  without  the 
production  of  ill  effects.  Age,  and  the  amount  of  work  done,  also 
i  ulluence  the  amount  of  food  necessary ;  growing  children,  for  instance, 
require  a  relatively  rich  diet;  thus,  mUk,  the  diet  of  the  infant,  is 
proportionally  twice  as  rich  in  proteids,  and  half  as  rich  again  in 
fats,  a3  the  normal  diet  given  above.  During  work  more  food  is 
necessary  than  during  inactivity. 

Some  attention  lias  recently  been  devoted  to  the  question  whfil 
as  much  daily  food  is  necessary  as  given  in  the  foregoing  paragraphs. 
Ilirachfeld  showed  that  for  a  short  time  nitrogenous  equilibrium  can 
be  maintained  on  a  smaller  daily  supply  of  nitrogen  than  15  grammes. 
Hut  experiments  of  others  extended  over  a  longer  period  have  showii 
tljat  sooner  or  later  the  body  begins  to  waste  if  the  15  grammes  daily 
are  not  supplied.  This  objection,  however,  cannot  be  urged  against 
tho  experiments  of  11.  O.  Neumann,  which  lasted  for  three  years.  The 
weak  point  of  this  research  is  that  it  was  made  only  upon  one  person, 
namely  himself.  His  diet  on  the  average  consisted  of  74  grammes  of 
proteid,  117  of  fat,  and  213  of  carbohydrate  (equivalent  to  a  total  heat 
value  of  2367  largo  calories,  see  Chapter  XL).  He  lost  no  weight,  and 
part  of  tho  time  oven  gaiued  weight;  he  enjoyed  good  health,  and  did 
Ills  daily  duties  without  inconvenience.  A  practical  point  is  that  his 
food  cost  him  only  7 Ad.  a  day. 
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There  have  boon  other  experiments  whi<  h  BOOH  mi  Euro- 

peans can   thrive  on   diets   oven   scantier   than   this.     Hut    to  most 
■>h  peoplf  Ranke's  and  tfotesohol  mid  act  appear  to 

err  on  the  side  of  gm  the  BOmppflftign  of  tho  more 

BOnrmCTlly  used  foods  taken  in  fairly  average  umounts,  0.  N".  Stewart 
calculates  that  500  grammes  of  bread  ami  250  grammes  of  lean  meat 
ri.nstitutoa  fair  quantity  for  a  man  fit  for  hard  work  Adding  500 
grammes  of  milk,  75  grammes  of  oatmeal  porridge,  30  graminee  of 
i  hi  tier,  and  450  grammes  of  potatoes,  we  get,  approximately,  20 
granmies  of  nitrogen  and  300  grammes  of  carbon  contained  in  135 
grammes  of  protoid,  97  grammas  of  fat,  and  about  400  grammes  of 
carbohydrate. 

Milk. 

Milk,  whieh  we  havo  already  spoken  of  as  a  perfect  food,  is  only 
so  for  young  children.  For  those  who  are  older,  it  is  so  voluminous 
that  unpleasantly  large  quantities  of 
it  would  have  to  be  taken  in  the 
course  of  the  day  to  ensure  the  proper 
supply  of  nitrogen  and  carbon.  More- 
it  is  relatively  too  rich  in  protoid 
and  fat.  It  also  contains  too  little 
iron  (Bunge):  hence  children  weaned 
late  become  anaemic. 

The  raicroscopo  rovoals  that  it  con- 
sists of  two  parts :  a  clear  fluid  and  a 
number  of  minute  particles  that  float 
in  it.  These  consist  of  minute  oil 
globules,  varying  in  diameter  from 
000 15  to  0005  millimetre  (fig.  388). 

The  milk  secreted  during  the  first 
fow  days  of  lactation  is  called  colostrum.  It  contains  very  little 
casoinogon,  but  large  quantities  of  albumin  add  globulin  instead.  It 
coagulates  like  white  of  egg  when  boiled.  Microscopically,  cells 
from  the  acini  of  the  mammary  gland  are  seen,  which  contain  fat 
globules  in  their  interior ;  they  are  called  colostrum  corpuscles. 

Reaotion  and  Speoiflo  Gravity. — The  reaction  of  fresh  cow's 
milk  and  of  human  milk  is  amphoteric;  that  is,  it  turns  blue  litmus 
red,  and  red  litmus  blue.  This  is  due  to  the  presence  of  both  acid  and 
alkaline  salts.  All  milk  readily  turns  acid  or  sour  as  the  result  of 
fermentative  change,  part  of  its  lactose  being  transformed  into  ln< 
acid.     The  specific  gravity  of  milk   i-   usually    a  d  with    the 

Irometer.     That  of  normal  cow's  milk  varies  from  1028  to  1034. 
When  the  milk  is  skimmed  the  specific  gravity  rises,  owing  to  the 

naval  of  the  light  constituent,  the  fat,  to  1033  t<    1037.     1"  all 


Fm.  888.— GlobtUtaofoowi  milk,     a  too. 


I  rMlt. 

Proteids  (chiefly  rjiseinogen)       .  I*f 

Butter  (fat) 3-4 

Lactose <J"2 

Sails 0-2 


Hence,  in  feeding  infants  on  cow'b  milk,  it  is  necessary  to  dilute  it, 
and  add  sugar  to  make  it  approximately  equal  to  natural  human 
milk. 

The  Proieida  of  Milk. — The  principal  proteid  in  milk  is  called 
caseinogen ;  it  is  precipitablc  by  acids  such  as  acetic  acid,  and  also  by 
saturation  with  magnesium  sulphate,  or  half  saturation  with  amnion i  I 
sulphate,  so  resembling  globulins;  it  is  coagulated  by  rennet  to  form 
casein.  Cheese  consists  of  casein  with  the  ontanglod  fat.  The  other 
proteid  in  milk  is  an  albumin.  It  is  present  in  small  quantities  only  ; 
it  differs  in  some  of  its  properties  (specific  rotation,  coagulation 
temperature,  and  solubilities)  from  serum-albumin ;  it  is  oalled  lad- 
albumin. 

The  Coagulation  of  Milk. — Rennet  is  the  agent  usually  employod 
for  this  purpose:  it  is  a  ferment  secreted  by  the  stomach,  especially 
in  sucking  animals,  and  is  generally  obtained  from  the  calf. 
•  The  curd  consists  of  the  casein  and  entangled  fat:  tho  liquid 
residue  called  whey  contains  the  sugar,  salts,  and  albumin  of  the  milk. 
There  is  also  a  small  quantity  of  a  new  proteid  called  whey-proleid 
which  differs  from  easoiuogen  by  not  being  convertible  into  casein  ; 
this  is  produced  by  the  decomposition  of  the  caseinogen  molecule 
during  the  process  of  curdling. 

The  curd  formed  in  human  milk  is  more  finely  divided  than  that 
in  cow's  milk;  and  it  is  more  digestibla  In  fowling  children  and 
invalids  on  cow's  milk,  the  lumpy  condition  of  the  curd  may  be  ob- 
viated by  the  addition  of  lime  water  or  barley  water  to  the  milk. 
Thore  appears  to  l>o  no  chemical  difference  between  the  caseinogen  of 
human  and  that  of  cow's  milk ;  variations  in  tho  amount  of  calcium 
salts,  and  of  citric  acid  account  for  the  differences  described. 

The  addition  of  rennet  produces  coagulation  in  milk,  provided 
that  a  sufficient  amount  of  calcium  salts  is  present  If  the  calcium 
salts  are  precipitated  by  the  addition  of  potassium  oxalate,  rennet 
causes  no  formation  of  casein.     The  process  of  curdling  in  milk  is  a 
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double  one ;  the  first  action  due  to  rennet  is  to  produce  a  change  in 
caseinogen ;  the  second  action   is   that  of  the  calcium  salt  which 
precipitates  the  altered  caseinogen  as  casein.     In  blood,  also,  calcium 
salts  are  necessary  for  coagulation,  but  there  they  act  in  a  difl 
way,  namely,  in  the  production  of  fibrin  ferment  (see  p.  414). 

-oinogeu  is  not  a  globulin,  though  it  is,  like  globulins,  readilv 
precipitated  by  neutral  salts.  It  differs  from  a  globulin  in  not 
bei&g  coagulated  by  heat.  Tt  is  a  nucleo-proteid ;  that  is,  a  com- 
pound of  ;v  proteid  with  the  proteid-Hke  but  Dboophonuvriah  material 
r.illiiil  jmeiulo-nuclcin  (see  p.  402).  In  milk  it  is  combined  with 
calcium  to  form  calcium  casein ogenato ;  when  acetic  acid  is  add. 
therefore  f^ot  calcium  acetate  and  free  caseinogen. 

The  Fats  of  Milk. — The  chemical  composition  of  the  fat  of  milk 
(buttor)  is  very  like  that  of  adipose  tissue.  It  consists  chiefly  of 
[ihuitin,  stearin,  and  olein.  There  are,  however,  smaller  quantities 
of  fats  derived  from  fatty  acids  lower  in  the  series,  especially  butyrin 
and  oaproin.  The  relation  l>etwoon  these  varies  somewhat,  but  the 
proportion  is  roughly  as  follows:— Olein,  | ;  palmitin,  J;  stearin,  £ ; 
butyrin,  caproin,  and  caprylin,  ,',.  The  old  statement  that  oach 
fat  globule  is  surrounded  by  a  fibn  of  caseinogen  is,  according  to 
Ilamsden's  recent  observations,  correct.  Milk  also  contains  small 
quantities  of  lecithin,  a  phosphorised  fat;  of  cholosterin,  an  alcohol 
which  resembles  fat  in  its  solubilities,  and  a  yellow  fatty  pigment  or 
lipochrome. 

Milk  Sugar,  or  Lactose. — This  is  a  saccharose  (CuHcO„).  Its 
properties  have  already  Ikjoii  described  in  Chap.  XXV  ,  \>.  :i<J0. 

Souring:  of  Milk. — When  milk  is  allowed  to  stand  the  i 
chango  which  it  is  apt  to  undergo  is  a  conversion  of  a  part  of  its 
lactose  into  lactic  acid.  This  is  due  to  the  action  of  micro-organ 
and  would  not  occur  if  the  milk  wore  contained  in  closed  sterilised 
vessels.  Equations  showing  the  change  produced  are  given  on  p.  391. 
When  souring  occurs,  the  acid  formed  precipitates  a  portion  of  tho 
caseinogen.  This  must  not  bo  confounded  with  the  formation  of 
casein  from  caseinogen  which  is  produced  by  rennet  There  are, 
however,  some  bacteria  which,  like  rennet,  produce  true  coagula- 
tion. 

Alcoholic  Fermentation  in  Milk. — When  yeast  is  added  to  milk, 
tho  sugar  does  not  readily  undergo  the  alcoholic  fermentation.  Other 
M)!innvhat  similar  fungoid  growths  are,  however,  able  to  produce  the 
change,  as  in  the  preparation  of  koumiss ;  the  milk  sugar  is  first 
inverted,  that  is  dextrose  and  galactose  are  formed  from  it  (see  p.  391). 
and  it  is  those  sugars  front  which  alcohol  and  carbonic  acid  origin.! i 

The  Salts  of  Milk.—  The  chief  salt  present  is  calcium  phosphate ; 
B  small  quantity  "f  magnesium  phosphate  is  ahjo  present.  The  other 
salts  are  chiefly  chlorides  of  sodium  and  potassium. 
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The  Mammary  Glands. 

The  mammary  glands  are  composed  of  Urgi  II  or  lobe*,  and  these  are 

Again  divisible  into  lobules ;  tin:  Inhales  are  composed  of  the  convoluted  and  dilated 
subdivisions  of  the  main  dnctl  held  together  by  conn  rue     Covering  the 

general  surface  of  the  gland,  with  the  exception  of  the  nipple,  is  a  considerable 
quant  iH  h1  fat.  itself  lnhulatcd  by  sheaths  and  processes  of  areolar  tissue  (fig.  • 

connected  both  with  the  skin  in  front  and  the  gland  bd 1;  the  same  bond  of 

connection  extends  also  from  the  under  surface  of  the  gland  to  the  sheathing 
connective-tissue  of  the  great  pectoral  muscle  on  which  It  lies.  The  main  ducts  of 
the  gland,  fifteen  to  twenty  in  number,  called  the  laetifi  roiu  ducts,  ore  formed  by 
the  union  of  the  smaller  (lnhular)  duets,  and  open  by  null  separate  orifices  through 
the  nipple.     At  the  points  of  junction  of  lobular  duets  to  form  lactiferous  ducts. 


Wi\ 


\. 


a 


fits. 


^^    i  ■ 

G4i 


Mfti'  IWmotimioftholoiwrhaH   i  tbstauli  immnu,  ■liirliis  tli»  [.crto!  or  lactation,    i     In  the 
Wt-li  wwuxlpart  tlioglaodaUr  loh»«  am  »»po»ed  ami  t*rtii 

on  t!i 

-oo  In  which  the  glandular  lobules  am  placed :  I,  upper  part  of  Hie  man 
ntppli  i  -which 

rt  taa  uUmliilar  •  nlwutii'*  lie  I  contain  the  f.«M>  maa««s  ;  ft.  m  lactiferous  tlurU 

iihciwn  j«»«lng  toward*  thn  mamllla  where  thejr  open  : 
•orneoTthesUmtiilar  If  I  btVl  b*m  UraTClM  5  7",  other*  maaasd  twllwr.    (Lnaclika.) 

just  before  these  enter  the  base  of  the  nipple,  the  duct*  are  dilated :  and  during  the 
period  of  active  secretion  by  the  glnud,  1 1 1 < -  dilatations  form  reservoirs  for  the  milk, 
which  collects  in  and  distends  them.  The  walls  of  thegland-ducts  are  formed  of  areolar 
with  some  Ufttriped  muscular  ti-  ue,  and  are  lined  internally  by  short  columnar  and 
near  the  nipple  by  flattened  epithelium.  The  nlveoli  consist  of  a  basement  membrane 
of  flattened  cells  lined  by  low  columnar  epithelium  (fig.  390). 

The  nipple  is  composed  of  areolar  tissue,  and  contains  unstriped  muscular  fibres. 
Blood  -vessels  are  also  freely  supplied  to  it,  so  as  to  give  it  an  erectile  structure.     On 

its  surface  are  very  sensitive  papillae;  and  around  it  is  a  small  area  or  a I     l 

pink  0C  dark  tinted  skin,  on  which  arc  to  be  seen  small  projections  formed  by 
minute  secreting  glands. 

Blood  vessels,  nerves,  and  lymphatics  arc  plentifully  supplied  to  Uie  mammon 
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tclamls :  the  calibre  of  Ute  blood- vessels,  as  well  as  the  siie  of  the  glands,  varies 

very  greatly  und-  I  conditio]  ily  those  of  pregnancy  and  lactation. 

■.-retory  nerves  of  the  itiainiiuiry  glands  have  not  vet  been  discovered. 

The  alveoli  of  the  glands  during  the  secreting  period*  are  found  to  he  lin.-.l  with 
very  short  columnar  cells,  with  nuclei  situated  towards  the  centre.  The  edges  of 
lis  towards  the  lumen  may  be  irregular  and  jagged,  and  the  remainder  of  the 
alveolus  is  filled  up  with  the  materials  of  the  milk.  During  the  interval*  between 
the  acta  of  di.sch.irgi-,  the  cells  of  the  alveoli  elongate  towards  the  lumen,  their 
nuclei  divide,  and  in  the  part  of  the  cells  towards  the  lumen  a  collection  of  oU 
globules  and  of  other  materials  takes  place. 

The  next  stage  is  tli.it  the  cells  divide  and  the  part  of  each  towards  the  lumen 
containing  a  nucleus  and  the  materials  of  the  secretion,  disintegrates  and  goes  to 
form  the  solid  part  of  the  milk.  The  cells  also  secrete  water,  salts,  ami  milk  sugar. 
The  fat,  etc..  of  milk  arc  not  simply  nicked  out  from  the  blood  by  the  secreting 
cells,  but  these  materials  are  formed  by  met.' 
processes  within  the  protoplasm  of  the  cells 

In  the  earlier  days  of  lactation,  epithelial 
Colli  -nil;,  partially  transformed  un-  ih  <  !..irp-d  in 
ill.-    mc ration |    tneM  uc    termed    eoloHrum    eor- 

fHttdtt,       It    is    stated    that   .idol  mm    pOSSeSSCS   • 
purgative  actum. 

During  pregnancy  the  mammary  glands 
undergo   changes    (  rt    readily 

observable.     They    enlarge,   become    harder,   and 
more  distim tl>  his   ,.i,    t Ik-  sur- 

face become  more  prominent.  The  areola  becomes 
.ced  and  dusky,  with  projecting  papilla  :  the 
nipple,  too,  becomes  more  prominent,  and  milk  can 
lie  iquecaed  from  the  orifices  of  the  ducts.  This  Ls 
a  very  jcradual  process,  which  commences  about 
the  time  of  conception,  and  progrcss<-s  steadily 
during   the   whole  period    of   gestation.      In    the 

SlailU    itself   solid    COllUDOJ    of   cells   bud   oil    from 
ic  old   alveoli   t'»   form   new  alveoli.     Rut   these 
solid  columns   after  a   while  arc   converted    into 
tubes  by  tlic  central  cells  becoming  fatty  and  being;  discharged  as  the  colostrum 
corpuscles  above  mentioned. 

Alter  the  end  of  Laetutiou,  the  mamma  gradually  returns  to  its  original  size 
(innitutiitn).  The  acini,  in  the  early  stages  of  involution,  an-  lined  with  cells  in  all 
degrees  of  vacuolation.  As  involution  proceeds,  the  acini  dimmish  considerably  in 
,  and  at  length,  instead  of  a  mosaic  of  lining  epithcli.i I  cells  I  twenty  to  thirty  in 
Men  acinus),  we  have  five  or  six  nuclei  (some  with  no  surrounding  protoplasm) 
King  in  un  Uregolal  heap  wi'Ji.n  tv  idlMS,  During  the  later  stages  of  involution, 
lurge  yellow  granular  cells  are  lo  he  seen.  As  I  he  acini  diminish  in  size,  the 
connective-tissue  and  fafy  limit,  r  between  them  Increase,  and  io  some  animals, 
when  the  gland  is  completely  InecUve  it  is  found  to  consist  of  a  thin  film  of  glandular 
■rlying  a  thick  cushion  of  fat.  Many  of  the  products  of  waste  are  carried 
off  by  the  lymphatics. 

EggB. 

la  this  i  oi.nii  v  bhfl  BRBB  ol  hens  and  ducks  are  those  particularly 
selected  as  foods.  Tho  chief  constituent  of  the  shell  is  calcium  car- 
bonate. The  tchiie  is  composed  of  a  richly  albuminous  fluid  enclosed 
in  a  network  of  firmer  and  more  fibrous  material.  The  amount  of 
solids  is  133  per  cent. ;  of  this  LS  2  is  protcid  in  nature  (egg-albumin, 
with  Hiimllii  pi  miities  of  egg-gloliiilin,  nnd  of  a  mucinoid  substance 
culled  lAu-iiiiii'niilj  and  the  remainder  is  made  up  of  sugar  (0  5  per 
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of  bitch,  abowlng  aclm,  IIihkI 
«lth  tj>ali-Jul  c*fla  of  a  abort 
mlumnar  form,  x  S00.  (Y.  D. 
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ceut.),  traces  of    fat*,   l>cilhin   aiu  ;:i,  and  0*6  DOC  cent,  of 

i"  salts.  The  yolk  is  rich  in  food  materials  for  the  develop- 
ment of  the  fulun  embryo.  In  it.  there  are  twi  ties  of  yolk- 
sphorules,  one  kind  yellow  and  opaque  (due  to  Cat 
and  a  yellom  ttpcchrame),  and  the  other  smaller,  transparent  and 
almost  colourless;  those  an  protak]  Is  aature,  conaistmg  of  the 
nucleo-proteid  called  ill  quantities  of  sugar,  lecithin, 
oholesterin  and  inorganic  Baits  are  also  present. 

The  nutriti.  of  eggs  is  high,  as  they  are  bo  readily  digeat- 

ible ;  but  the  more  an  egg  is  cooked  the  more  insoluble  do  its  pro: 
constituents  liecoino. 

Meat. 

This  is  composed  of  the  muscular  and  connective  (including  adipose) 
tissues  of  certain  animal-.  The  flesh  of  soma  animals  is  not  eat < 
in  Bomo  cases  this  is  a  matter  of  fashion,  in  others,  owing  to  an 
unpleasant  taste,  such  as  the  flesh  of  caruivora  is  said  to  have ;  and 
in  othor  cases  (e.g.  the  horse)  bocause  it  is  more  lucrative  to  use  the 
animal  as  a  beast  of  burden. 

Meat  is  the  most  concentrated  and  most  easily  assimilable  of 
nitrogenous  foods.  It  is  our  chief  source  of  nitrogen.  Ite  ohief  solid 
constituent  is  proteid,  and  the  principal  proteid  is  myosin.  In  addition 
to  the  extractives  ami  Baits  contained  in  muscle,  there  is  always  a 
certain  percentage  of  fat,  even  though  all  visible  adipose  tissue  is 
dissected  off.  The  fat-colls  are  placed  between  the  muscular  fibres, 
and  the  anion nl  of  Est  BO  situated  varies  in  different  animals;  it  is 
particularly  abundant  in  pork  ;  hsUCS  0w   indigeslibilily  of  tin     l'..iii! 

of  flesh :  tho  fit  prevents  the  gaatrio  juioe  hum  obtaining  road} 

to  the  muscular  fibres. 

The  following  table  gives  the  chief  substances  in  some  of  the 
principal  meats  used  as  food : — 


Ooa»tlUlMiU. 

0.. 

C»if. 

PH. 

Uses* 

raw. 

W:,f,-r 

Wl 

76* 

72-6 

704 

79-3 

Solids 

23-3 

W4 

■  r-i 

•J9  2 

Froteids  ant)  gelatin  ' 

20-0 

19-4 

19-9 

21-6 

18-3 

Fat    . 

|"fl 

2-9 

6-2 

25 

4-1 

0-7 

Carbohydrate    . 

o-« 

0'8 

0-8 

0-6 

Q  !• 

S..II-. 

1-2 

1-3 

1-1 

TO 

I'l 

0-8 

The  large  percentage  of  faater  in  meat  should   be  particularly 
noted;  if  a  man  wished  to  take  his  daily  Supply  of  100  grammes  o"f 

*  The  flesh  of  youn^  aiianiL  [fl  rkthtt  in  ijHatiu  Uian  that  of  old;  thus  1000 
parts  of  beet  yield  6,  ol  veal  50,  parts  of  gelai 


proteid  entirety  in  I  ho  form  o£  meat*  it  would  be  necessary  for  him 
tO  OOUBUIM  About  500  gramme**  (id,  B  little  mote  than  1  lb.)  of  meat. 

Flour 

The  best  wheal    float  tl  made  from  the  interior  of  wheat  grains, 
and  contains  the  greater  proportion  of  the  starch  of  the  grain  and 

I.:  Hour  is  made  from  tho  whole  grain 
minus  the  husk,  and   thus  contains  not  only  the  white  interior  but 

tin  harder  and  browuer  outer  portion  n  the  grain.  This  OVl 
region  oontaine  a  ecanewbat  larger  proportion  oi  tneproteidfl  of  tho 
grain.  Wholo  flour  contain.-  1  to  2  pet  cent,  more  proteid  than  the 
beet  white  flour,  but  it  has  the  disadvantage  of  being  less  readily 
digested.  Blown  flour  contains  a  certain  amount  of  bran  in  addition  ; 
it  is  still  less  digestible,  but  is  useful  as  a  mild  laxative,  the  insoluble 
cellulose  mechanically  irritating  (be  intestinal  canal  as  it  passes  along. 

The  best  flour  couta  little  sugar.     The  presence  of  sugar 

indicates  tliat  germination  lias  commenced  in  the  grains.  In  the 
manufacture  of  malt  from  barley  this  is  purposely  allowed  to  go  on. 

When   mixed    with    water,   wheat  flour  forme  A  adhesive 

mass  called  dough.  This  is  due  to  the  Formation  of  gluten,  and  the 
forms  of  grain  poor  in  gluten  cannot  be  made  into  dough  (oats,  rice, 
etc.).  Gluten  does  not  exist  in  the  Hour  as  such,  but  U  tonned  on 
the  addition  of  water  from  the  pre-existing  globulins  in  tho  Hour. 

The  following  table  contrasts  the  composition  of  boiuo  of  the  more 
important  vegetable  foods: — 


OmttaHto 

What. 

Bwtoy. 

c%u. 

Kk*. 

UuUU. 

rwu. 

PoUU)». 

Wnter. 

lit 

m-i 

■ 

181 

12-5 

14'8 

78-0 

Proteid 

12*4 

HI 

10-4 

:■" 

•j.rr 

•2-0 

I  at      . 

11 

5*2 

0-9 

1-ii 

1-6 

0-2 

Stiuvli 

67  *1> 

«•» 

57*8 

7«-5 

54'8 

49-8 

20-8 

Cellulose      . 

2-L 

S-3 

11-2 

0  6 

it 

7-6 

Mineral  stilts 

,-. 

3-7 

a-o 

1-0 

.'•4 

SI 

1-0 

We  sea  bom  thin  table — 

1.  Tho  great  quantity  of  starch  always  presont. 

'1.  Tho  small  quantity  of  fat;  that  bread  is  generally  oaten  with 
>pular  recognition  of  this  i 

3.  Proteid,  except  in  potatoes,  is  pretty  abundant,  and  especially 
so  in  the  pulses  (lentils,  peas,  etc.).  The  proteid  in  the  pulses  is  not 
gluten,  but  consists  of  vitellin  and  globulin-like  substances. 

In  the  mineral  mutters  in  vegetables,  salts  of  potaeatum  and 
luagiujsium  are,  as  a  rule,  more  abundant  than  those  of  sodium  and 
calcium. 


Bread  is  made  by  cooking  the  dough  of  wheat  Hour  mixed  with 
yeast,  salt,  and  flavouring  materials.     A  ferment  in  the  flour  acts  at 
tho  commencement  of  the  process,  when  tiie  temperature  is  kept  a 
little  over  that  of  the   body,  and  forms  dextrin  and  sugar  from  I 
Bfcaroh,  and  than  the  alcoholic  fennantation  duo  t < »  t.l  of  the 

yeast,  begins.  The  bubbles  of  carbonic  acid,  burrowing  passages 
through  the  bread,  make  it  light  and  spongy.  This  enables  the 
digestive  juices  subsequently  to  soak  into  it  readily  and  affect  all 
parts  of  it.  In  the  later  stages,  viz.,  liaking,  the  temperature  is 
raised,  the  gas  and  alcohol  are  expelled  from  tho  bread,  the  yeast  Efl 
killed,  and  a  crust  forms  from  t.ho  drying  of  the  outer  portions  of 
the  dough. 

White  broad  contains,  in  100  parts,  7  to  10  of  proteid,  55  of 
carbohydrates,  1  of  fat,  2  of  salts,  and  the  rest  water. 

Cooking  of  Pood. 

The  cooking  of  foods  is  a  development  of  civilisation  and  serves 
many  useful  ends : — 

1.  It  destroys  all  parasites  and  dauger  of  infection.  This  relates 
not  only  to  bacterial  growths,  but  also  to  larger  parasites,  such  as 

vorms  and  trichinae. 

2.  In  the  case  of  vegetable  foods  it  breaks  up  the  starch  grains. 
bursting  the  cellulose  and  allowing  the  digestive  juices  to  come  into 
contact  with  the  granulosa. 

3.  In  the  case  of  animal  foods  it  converts  the  insoluble  collagen  of 
the  universally  distributed  oonnsi  live  tissues  into  the  soluble  gelatin. 
Tho  loosouing  of  the  fibres  is  assisted  by  the  formation  of  steam 
bet  wee  u  them.  By  thus  loosening  the  binding  material,  the  more 
important  elements  of  the  food,  such  as  muscular  fibres,  aie  rendered 
aooesBiblo  to  tin-  y.istrii-  ami  i.t.hr-i  juii  h  Heat  before  if  ie<  ooked  ia 
generally  kept  a  certain  length  of  time  to  allow  rigor  mortis  to  pass  off. 

Of  the  two  chief  methods  of  cooking,  roasting  and  1 -oiling,  the 
former  is  the  more  economical,  as  by  its  means  the  meat  is  first  sur- 
rounded with  a  coat  of  coagulated  protaid  on  its  exterior,  which  keeps 
in  the  juices  to  a  great  oxtcnt,  lotting  Little  else  escape  but  the  drip- 
ping (fat).  Whereas  in  boiling,  unless  both  bouillon  and  bouilli  are  used, 
there  is  considerable  waste.  Cooking,  especially  boiling,  renders  the 
proteids  more  insoluble  than  they  are  in  the  raw  state ;  but  this  is 
counterbalanced  by  the  other  advantages  that  cooking  possesses. 

In  making  beqf  tea  and  similar  extracts  of  meat  it  is  necessary 
that  the  meat  should  be  placed  in  cold  water,  and  this  is  gradu.i I 
and  carefully  warmed.     In  boiling  a  joint  it  is  usual  to  put  the  meat 
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into  boiling  water  at  once,  so  that  the  outer  part  is  coagulated,  and 
the  loss  of  material  minimised. 

An  extremely  important  point  in  this  connection  is  that  lieef  tea 
and  similar  meat  extracts  should  not  be  regarded  as  foods.  They  are 
valuable  as  pleasant  stimulating  drinks  for  invalids,  but  they  contain 
very  little  of  tho  nutritive  material  of  the  meat,  their  chief  con- 
stituents, noxt  to  water,  being;  the  salts  and  extractives  of  flesh. 

Soup  contains  the  extractives  of  meat,  a  small  proportion  of  the 
protoids,  and  the  principal  part  of  the  gelatin.  The  gelatin  is  usually 
increased  by  adding  bones  and  fibrous  tissue  to  the  stock.  It  is  tho 
presence  of  this  substance  which  causes  soup  when  cold  to  gelatinise. 

Accessories  to  Pood. 

Among  these  must  be  placed  alcohol,  the  value  of  which  within 
moderate  limits  is  not  as  a  food  but  as  a  stimulant;  condiment* 
(mustard,  pepper,  ginger,  curry  powder,  etc.),  which  are  stomaclm 
simulants,  the  abuso  of  which  is  followed  by  dyspeptic  troubles; 
and  tea,  coffee,  cocoa,  and  similar  drinks.  Theso  are  stimulants 
chiefly  to  ill'-  nervous  system;  tea,  coffee,  mate  (Paraguay),  guarana 
(Brazil),  cola  nut  (Central  Africa),  bush  tea  (South  Africa),  ami 
a  fow  other  plants  used  in  various  countries  all  owo  their  chief 
1'iojicrty  to  an  alkaloid  called  theine  or  caffeine  (C^H^N/^ ;  cocoa  to 
the  closely  related  alkaloid,  theobromine  (C7HMN'16i) ;  coca  to  cocaine. 
These  alkaloids  are  all  poisonous,  and  used  in  excess,  even  in  the  form 
of  infusions  of  tea  and  coffee,  produce  over-excitement,  loss  of  diges- 
tive power,  and  other  disorders  well  known  u>  physicians.  Coffee 
differs  from  tea  in  being  ri<  h  in  aromatic  matters;  tea  contains  a 
bitter  principle,  tannin  j  to  avoid  i,ho  injurious  solution  of  loo  much 
tannin,  tea  should  Only  bfl  allowed  to  infuse  (draw)  for  a  few  minutes. 
Cocoa  is  not  only  a  stimulant,  but  a  food  in  addition;  it  contain* 
about  50  per  cent,  of  fat,  and  12  per  cent,  of  proteid.  In  manufac- 
tured cocoa,  the  amount  of  fat  is  reduced  to  30  per  cent.,  and  the 
amount  of  proteid  rises  proportionately  to  about  20  per  cent.  Th»- 
quantity  of  cocoa  usually  consumed  is  too  small  for  these  food 
materials  to  count  vory  much  in  the  daily  supply.  The  amount  of 
proteid  in  solution  (mainly  alhumose)  in  a  breakfast  enp  of  coco;' 

lei  half  a  gramme;  must  of  tfafl  bod  stuffs  are  in  susiiension.  for 
cocoa  is  drunk  "  thick.''  not   as  a  clear  infu-; 

Green  vegetables  are  taken  as  a  palatable  adjunct  to  other  foods, 
rather  than  for  their  nutritive  properties.  Their  potassium  salts  are. 
however,  abundant.  Cabbage,  turnips,  and  asparagus  contain  80  to 
92  water,  1  to  2  proteid,  2  to  4  curl « 'hydrates,  and  1  to  15  cellulose 
per,  cent.     Tho   small   amount   of   n  ■    in    moat   green    foods 

accounts  for  tho   large  meals  made   by,  and   the  vast  capacity  of  the 
alimontarv  canal  of,  herbivorous  animals. 


Befouk  passing  on  to  tho  action  of  the  digestive  secretions  on  foods, 
it  will  he  well  to  discuss  the  varieties  of  glands  by  means  of  which 
those  substances  him  formed. 

It  is  tho  function  of  gland -cells  to  produce  hy  tho  metabolism  of 
their  protoplasm  certain  snhst.-nmestllnd  secretions.  These  materials 
are  of  two  kinds;  viz.,  those  which  arc  employed  for  the  purpose  of 
serving  pome  ulterior  office  in  tho  economy,  and  thosa  a  Inch  are  dis- 

rged  from  tho  hody  as  useless  or  injurious.     In  the  former  Q 
tho  separated  materials  are  termed  secretions ;  in  tho  latter  thoy  are 
termed  accretions. 

The  secretions,  as  a  rule,  consist  of  substances  which  do  not  | 
exist  in  the  same  form  in  the  blood,  but  require  special  cells  and  a 
process  of  i  I  m  for  their  formation,  e.g.,  tho  liver  cells  for  tin 

formation  of  bile,  the  mammary  gland-colls  for  the  formation  of  milk. 
Tho  excretions,  on  the  other  hand,  commonly  consist  of  substances 
which  exist  ready-formed  in  the  blood,  and  are  merely  abstrac 
therefrom.  If  from  any  cause,  such  as  extensive  disease  or  extirpa- 
tion of  an  excretory  organ,  the  separation  of  an  excretion  is  prevented, 
and  an  accumulation  of  it  in  tho  blood  ensues,  it  frequently  escapes 
through  other  organs,  and  may  be  detected  in  various  fluids  oi  the 
body.  An  instance  of  this  is  seen  after  the  kidneys  have  been 
removed.  Urea  then  accumulates  in  the  blood.  But  this  is  never  the 
case  with  secretions ;  for,  after  the  removal  of  tho  special  organ  by 
which  each  of  thorn  is  manufactured,  tho  secretion  is  no  longer  formed. 

Tho  Bin  168  of  their  formation,  and  thoir  final  destination, 

.  however,  tho  only  particulars  in  which  secretions  and  excretions 
can  be  distinguished ;  for,  in  general,  the  structure  of  tho  parts 
engaged  in  oil miu.aing  excretions  is  as  complex  as  that  of  tho  parts 
concerned  in  the  formation  of  secretions.  It  will,  therefore,  be 
sufficient  to  speak  in  general  terms  of  the  process. 

Kvery  secreting  apparatus  consists  essentially  of  a  layor  of  secret- 
ing cells  arranged  round  a  central  cavity;  thoy  take  from  tho  lymph 
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which  lathes  them  the  necessary  material,  and  transform  it  into  the 
secretion  whii  h  they  pour  at  high  pressing  into  the  cavity. 

The  principal  secreting  organs  are  the  following: — (1)  the  serous 
and  synovial  morabranes;  (2)  tho  mucous  membranes  with 
special  glands,  ».g.,  tho  buccal,  gastric  and  intestinal  standi ;  (3)  tho 
salivary  glands  and  pancreas;  (4)  the  mammary  glands;  (6)  the 
liver;  (6)  tho  lacrimal  gland;  (7)  tho  kidney  and  skin:  ud  (8)  tho 
tee  tea. 

Serous  membranes. — We  have  already  discussed  tho  structure 
of  serous  membranes  fp.  206), 
and  also  the  question  whether 
the  lymph  is  a  true  secretion 
(pp.  318-320). 

The  synovial  membranes 
line  the  joints  and  the  sheaths 
of  tendons  and  ligaments  with 
which  we  rn.iy  include  tho 
synovial  bursa.  The  contents 
i if  these  sacs  is  called  synovia ; 
it  lubricates  the  surfaces  of  the 
joint,  end  so  ensures  an  easy 
movement.  Synovia  is  a  rich 
lymph  pita  a  mucinoid  mate- 
rial ;  and  it  i3  this  latter 
constituent  which  givos  tho 
secretion  its  viscidity.  It  is 
thus  a  true  secretion;  ami  is 
I  irmed  by  the  epithelial  oella 
whioh  form  an  imperfect  lining 
to  the  sac,  and  which  are 
especially  accumulated  on  the 
processes  of  the  synovial 
fringes  (fig,  391). 

A  mucous  membrane  consists  of  two  pints:  thfl  r/yifhch'um  on 
its  surface,  and  the  atrium  of  connective  tissue  lieneath.  The 
epithelium  ^morally  reatl  on  a  basement  membrane  which  is  usually 
composed  of  clear  flattened  cells  placed  edge  to  edge. 

Tho  name  mucous  is  derived  from  tho  fact  that  these  membranes 
all  secrete  mucin,  the  chief  constituent  of  mucus ;  this  may  be  formed 
from  tho  surface  epithelium  cells  breaking  down  into  goblet  cells  (see 
p.  26),  or  an  analogous  process  may  occur  in  the  cells  of  little  glands 
oaDed  mucous  glands,  situated  more  or  less  deeply  under  tho  epi- 
iholiuiii.  and  opening  on  the  surface  by  ducts.  Many  mucous 
membranes  (e.g.,  that  of  the  stomach)  form  other  secretions  as  well. 

Mucous  membranes  line  all  those  passages  by  which  internal  parts 
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communicate  with  the  exterior.    The  principal  tracts  are  the  Digest 
Respiratory,  and  Genito-urinary. 

Secreting  glands  may  be  classified  according  to  certain   types, 
which  aTO  tho  following: — 1.  The  simple  tubular  glan«l  (a,  fig.  89 
examples  of  which  are  fiii-nisln'il  1>\  Mi ;  it  vpts  of  Qeberkahfl  in   me 
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(touched  Willi  o.  tan  Of  MM  pOSMOIOfl  from  It.     P.  eom;wuii-l  lutmlir  sUnd.     (Slurpey.) 

intestinal  wall.     Ho  the  HfflM  class  may  be  referred  tho  elongated  and 
tortuous  sudoriferous  glands. 

2.  The  compound  tubular  glands  (d,  fig.  302)  form  another 
division.  These  consist  of  main  gland-tubes,  irbioh  divide  and 
sub-divide. 

3.  Tho  racemose  glands  are  those  in  which  a  number  of  vesicles 
or  acini  are  arranged  in  groups  or  lobules  {c,  fig.  392  .     Tho  Meibo- 
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mian  follicles  are  examples  of  this  kind  of  gland.  Some  glands,  like 
the  pancreas,  are  of  a  mixed  character,  combining  some  of  the  char- 
actors  of  the  tubular  with  othors  of  the  racemose  type ;  these  are 
called  tubulo-racemcse  or  tubulo-acinous  glands.  These  glands  differ 
from  each  other  only  in  secondary  points  of  structure,  but  all  liave 
the  same  essential  character  in  consisting  of  rounded  groups  of 
vesicles  containing  gland-cells,  and  opening  by  a  common  central 
cavity  into  minute  ducts,  which  ducts  in  the  large  glands  converge 
and  unito  to  form  larger  and  larger  tubes,  and  at  length  open  by  one 
common  trunk  on  a  free  Burface.  The  larger  racemose  glands,  like  thfl 
livary  glands,  are  called  compound  racemose  glands. 
On  internal  secretions,  see  p.  328. 

Electrical  Variations  in  Glands. 

These  have  been  studied  in  many  glandular  organs,  hut  especially  in  tin* 
salivary  plan :ls  and  skin. 

Id  the  submaxillary  gland  the  hilus  is  electro-negative  to  the  external  surface 
of  the  organ  ;  a  current  therefore  passes  from  hilus  to  surface  through  the  galvano- 
meter. If  the  chorda  tympani  Is  stimulated  by  rapidly  interrupted  shocks,  the 
surface  becomes  still  more  positive.  This  is  the  opposite  to  what  occurs  in  a 
muscle  ;  there  the  current  or  action  Is  in  the  reverse  direction  to  the  demarcation 
current;  the  change  in  the  gland  is  a  positive  variation  in  the  arithmetical  sense. 
This  is  abolished  In  I  small  dose  of  atropine  :  stimulation  then  causes  a  small 
negative  variation  which  is  abolished  by  a  larger  dose  of  atropine. 

If.  before  atropine  is  given,  slowly  interrupted  shocks  are  used,  or  rapidly 
interrupted  shocks  too  weak  to  excite  secretion  are  employed,  the  electrical  response 
of  the  organ  is  a  negative  variation.  The  same  is  true  for  stimulation  of  the 
sympathetic.  Single  induction  shocks  applied  to  the  chorda  tympani  cause  a 
diphasic  variation,  first  the  surface  of  the  gland  becoming  more  positive  and  then 
the  hilus. 

The  two  changes  are  believed  to  be  due  to  the  fact  that  secretory  nerves  arc  of 
two  kinds  i  anabolic,  which  increase  the  building  up  of  the  glandular  protoplasm; 
and  katuhnlic,  which  increase  the  disintegrative  side  of  metabolism,  and  so  lead  to 
secretion. 

It  is  important  to  remember  the  existence  of  the  skin  currents,  for  they  interfere 
with  any  attempt  to  determine  the  electrical  change  in  muscles  through  the  intact 
skin.  This  interference  will  naturally  be  greater,  the  richer  the  portion  of  skin  It, 
in  secreting  glands. 

The  most  satisfactory  work  on  skin  currents  is  that  recently  carried  out  by 
Waller,  lb;  smiles  nf  them  as  glandular  and  epithelial,  and  regards  them  as 
important  signs  of  life  here  as  in  other  tissues  (eye,  muscle,  nerve,  plant  tissues, 
etc.)  which  lie  has  studied.  He  has  worked  with  the  skin  of  the  frog,  cat.  and 
other  animals,  including  fresh  human  skin  obtained  from  surgical  o  iterations.  The 
skin  may  be  excited  either  directly  or  indirectly  through  the  nerves  that  supply  it 
The  main  results  obtained  are  very  simple,  and  u» also  true,  fur  mucous  membranes, 
and  such  epithelial  structures  as  the  crystalline  lens.  The  normal  current  of 
unexcited  living  skin  is  ingoing.  The  normal  response  of  excited  skin  is  outgoing. 
This  is  explained  in  the  following  way:— In  a  passive  mass  of  living  animal 
material  acted  upon  by  its  environment,  there  must  be  most  change  occurring  OB  Hi 
surfai •!•,  a  noint  on  the  surface  will  therefore  be  electropositive  to  any  point  in  the 
interior.  If  the  same  mass  is  excited,  chemical  changes  will  be  greater  in  its 
interior  than  at  the  surface ;  hence  internal  points  become  less  electronegative  tlian 
they  were  before,  or  even  electropositive  in  relation  to  the  external  surface,  hence 
the  current  of  action  through  the  mass  of  skin  is  outgoing,  and  wilt  therefore  pass 
through  the  galvanometer  from  the  external  to  the  internal  surface. 
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Thr  saliva  is  donned  by  three  pain  of  salivary  glands,  called  i.ho 
parotid,  tilery,  and  subungual  glands. 

The  Salivary  Glands. 

These  are  typical  s«  fluids.     They  are  made  up  of  lobules 

united  b]  ve  tissue.    jsaeh  lobule  is  made  (if  a  group  of  I  b! 

saccule  '.'.'(/   from  which  B  duct  passes;  this  unites  with 

other  ducts  to  form  larger  and  larger 
.  the  main  duct  opening  into  the 
mouth. 

Each  alveolus  is  surrounded 

diaries;  the  lymph  which 
exudes  Brum  these  is  in  direct  contact 
with  the  !>asement  membrane  that  en- 
closes the  alveolus.  Thfl  I  Asament  mem- 
brane is  lined  by  secreting  cells  winch 
surround  tho  central  cavity  or  toman, 
The    basement    m  i     is    (bin    in 

I    places,  to  allow  the  lymph  more 
access  to  the  secreting  cells ;  it 
is  continued  along  tho  ducts. 

The  secreting  epithelium   is  com- 
posed of  a  layer  of  polyhedral  cells. 
Tho  epithelium  of  the  ducts  is  columnar,  except  where  it  passes 
into  an  alveolus;  at  this  point  it  is  Battened.    The  columnar  epithi 
colls  of  the  ducts  exhibit  striatums  In  then  miter  part  (see  fig.  % 
tho  inner  zone  of  each  cell  is  made  of  granular  protoplasm.     The 
t  ducts  have  a  wall  of  connective  tissue  outside  the  baseinent- 
irane,  and  a  few  unstriatcd  muscular  fibres. 
The  secreting  cells  diller  according  to  the  substance  they  secrote. 
In  alveoli  that  secreto  mucin  (such  as  those  iu  tho  dog's  submaxillary, 
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and  aorao  of  the  alveoli  in  the  human  submaxillary)  the  cells  after 
treatment  with  water  or  alcohol  are  clear  and  bwoUi  395);  this 

ifl  tin  ■pgMK&ttee  they  usually  present  in  sections  of  the  organ.     Bui 
if  examinod  in  thoir  natural  state  ly  teasing  a  portion  •  !   the  fresh 
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gland  in  Horn  in,  they  are  seen  to  be  occupied  by  large  granules  com- 
posed of  a  substance  known  as  mucifjen  or  viucinogen.  When  the 
ghnd  le. active,  mucigen  is  transformed  into  mucin  ami  discharged  ns 
■  clear  droplet  of  that  substance  into  tho  lomen  oJ  the  alveotaa  Out- 
side these  are  smaller,  highly 
granular  cells  containing  no 
muoigan ;  these  marginal  cells 
stein  d.irkly,  and  gsnorally  form 
creecentic  groups  (crescents  or 
demilunes  of  Gianuzzi)  next  to 
the  Iwsement  membrane.  They 
dn  not  secrete  mncin,  but  are 
albuminous  cells.  After  secretion 
their  granules  are  lessened. 

In  thOM  all  Boli  which  do  not 
SBOftte  nni. 'in,  Hi'.  ;i  wai'Ty  DOS 

1  saliva  fjperotidi  and  some 
of  the  alveoli  of  the  human  sub- 
m.ixill ,irv).  the  cells  are  filled 
with  small  granules  of  albu- 
minous nature.     Such  alveoli  are  called  serous  at 

lisli  t  In-ill  boDa  the  mucous  alveoli  •■■■<   l  bad. 

These  yield  to  the  secretion  ite  nrnuint,  plyalin.     The  granular 

substance  within  the  OqU   is   the  mother  substance  of    tho  ferment 

(zymogen),  not  the  ferment  itself.     It  is  converted  into  the  ferment 

in  the  act  of  secretion.     We  shall  stndy  the  question  of  zymogens 
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mora  fully  in  connection  with  the  gastric  glands  and  the  pancreas 
where  they  have  been  separated  from  the  ferments  by  chemical  methods. 
In  the  case  of  saliva  we  may  term  the  zymogen,  ptyalinogen  provision- 
ally, but  it  has  never  been  satisfactorily  separated  ohemioally  from 
ptyalin. 

After  secretion,  dun  to  the  administration  of  food  or  of  such  a 
drug  as  pilocarpine,  the  cells  shrink,  they  stain  more  readily,  their 


ML— Alv«oll  of  jmtoUiI  gland.    A,  b*for»  mctvUod  ;  B,  In  tbo  nr»t  stage  of  t«T*U«t> ;  C.  afl»r 
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nuclei  ltocomo  more  conspicuous,  and  the  outer  part  of  each  coll  lioc»-i 
clear  and  froo  from  granules  (fig.  396). 

The  Secretory  Nerves  of  Salivary  Glands. 

The  norvo-fibres  which  are  derivod  from  cranial  and  sympathetic 
nerves  ramify  between  the  gland-cells,  but  liave  never  actually  been 
traced  into  them. 

These  nerves  control  and  regulate  the  secretion  of  saliva. 

The  general  truth  concerning  the  existence  of  secretory  nerves,  we 
have  already  become  acquainted  with  (p.  162).  The  subject  has  been 
worked  out  most  thoroughly  in  connection  with  the  salivary  glands, 
particularly  the  submaxillary  gland  of  tho  dog,  which  wo  will 
take  first. 

The  Submaxillary  and  Sublingual  Glands.  —  Those  glands 
receive  two  sets  of  nerve-fibres;  namely,  from  the  chordi  tympani 
and  the  sympathetic. 

The  chorda  tympani  is  given  off  from  the  seventh  cranial  nerve  in 
the  region  of  the  tympanum.'  After  quitting  the  temporal  bone  it 
passes  downwards  and  forwards,  and  joins  tho  lingual  nerve,  with 
which  it  is  bound  up  for  a  short  distance.  On  leaving  tho  lingual 
nerve  it  traverses  the  submaxillary  ganglion  ;  it  then  runs  parallel  to 
the  duct  of  tho  gland,  givos  off  a  branch  to  the  sublingual  gland,  and 

*  Though  the  chorda  tympani  is  usually  spoken  of  as  h  branch  of  the  seventh 
nerve,  it  in  probable  that  some  of  its  sensory  fibres  arc  derived  from  the  glosso- 
pharyngeal ;  the  origin  of  its  secretory  fibres  is  not  known. 


Cll.  xxx] 


SKCKifTOKV    .NEKVE8 


others  to  the  tongue.  The  main  nerve  enters  the  hilus  of  the  sub- 
maxillary gland,  where  it  traverses  a  second  ganglion  concealed  within 
the  substance  of  the  gland,  and  which  may  be  called  after  its  dis- 
coverer, Langley's  ganglion. 

The  sympathetic  branches  to  those  two  glands  are  derived  from  the 
plexus  around  the  facial  artery,  and  accompany  the  arteries  which 
supply  the  glands. 

Section  of  the  nerves  produces  no  immediate  result;  but  after  a 
few  days  an  abundant  secretion  of  thin  watery  saliva  takes  place; 
this  is  called  paralytic  secretion,  and  is  produced  either  by  the  activity 
of  the  local  nervous  mechanism,  which  is  then  uncontrolled  by  impulses 
from  the  control  nervous  system ;  or  else,  it  is  a  degenerative  effect 
analogous  to  the  fibrillar  contractions  which  occur  in  degenerating 
muscles  after  severance  of  their  nerves.  If  the  operation  is  per- 
formed on  one  side,  the  glands  of  the  opposite  side  also  show  a  similar 
condition,  and  the  thin  Baliva  Becreted  there  is  called  the  antilytic 
secretion. 

Stiviulalion  of  the  peripheral  end  of  the  divided  chorda  tympani 
produces  an  abundant  secretion  of  saliva,  which  is  accompanied  by 
vasodilatation  (see  p.  306).  Stimulation  of  the  peripheral  end  of  the 
divided  sympathetic  causes  a  scanty  secretion  of  thick  viscid  saliva, 
accompanied  by  vaso-constriction. 

The  abundant  secretion  of  saliva,  which  follows  stimulation  of  the 
chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid  from 
the  blood -vessels,  in  consequence  of  the  largely  increased  circulation 
through  thorn.  This  is  proved  by  the  fact  that,  when  the  main  duct 
is  obstructed,  the  pressure  within  it  may  considerably  exceed  the 
blood -pressure  in  the  arteries,*  and  also  that  when  into  the  veins  of 
the  animal  experimented    upon,  some  atropine  has    been  previously 

injected,  stimulation  of  the  peripheral  Bid  ol   the  arridM  oheraa 

produces  all  the  vascular  effects  as  before,  without  any  secretion  of 
saliva  accompanying  them.  Again,  if  an  animal's  head  is  cut  off,  and 
the  chorda  be  rapidly  exposed  and  stimulated  with  an  interrupted 
current,  a  secretion  of  saliva  ensues  for  a  short  time,  although  the 
blood-How  is  necessarily  absent.  These  experiments  serve  to  prove 
that  the  chorda  contains  two  sets  of  nerve-fibres,  one  set  (vaso- 
dilator) which,  when  stimulated,  cause  the  vessels  to  dilate;  while 
another  set,  which  are  paralysed  by  atropine,  directly  stimulate  the 
cells  themselves  to  activity,  whereby  they  secrete  and  discharge  the 
constituents  of  the  saliva  which  they  produce.  On  the  other  hand, 
the  sympathetic  fibres  are  also  of  two  kinds,  vaso-constrictor  and 

*  The  student  shuttle]  not  suppose  that  tlic  saliva  is  normally  secreted  at 
such  high  pressure.  If  it  were  so  I  he  saliva  would  spurt  from  the  salivary  duet 
with  greater  force  than  the  blood  would  spurt  from  the  arteries  when  th<  y  un- 
cut. ITie  high  pressure  alluded  to  in  the  text  only  occurs  when  the  duct  is 
obstructed,  and  indicates  what  enormous  force  the  secreting  cells  can  exercise. 
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secretory,  tho  latter  boing  paralysed  by  atropine.  The  chorda  tympani 
norve  is,  howovor,  the  principal  norvo  through  which  efferent  impulses 
procoed  from  tho  contral  nervous  systom  to  excite  the  secretion  of 
those  glands. 

Tho  function  of  the  ganglia  has  been  made  out  by  Langley  by  the 
nicotine  method  (see  p.  302).  At  one  time  the  submaxillary  gangln  a  i 
was  supposed  to  be  the  seat  of  reflex  action  for  tho  secretion.  This, 
however,  u  not  the  case.  Tho  ganglia  are  cell-stations  on  the  course 
of  tho  fibres  to  tho  submaxillary  and    sublingual  glanda     Nicotine 

lied  locally  has  the  power  of  paralysing  nerve-cells,  but  nut  no: 
fibres.     If  tin-.  subm  ganglion  is   painted  with  nicotine,  and 

the  nerve  stimulated  on  the  central  side  of  the  ganglion,  secret 
from  the  submaxillary  gland  continues,  but  that  trail  the  sublingual 
gland  ceases.  Tho  paralysed  nerve-cells  in  the  ganglion  act  as  blocks 
to  the  propagation  of  tho  impulse,  not  to  tho  submaxillary,  but  to  tho 
sublingual  gland.  The  cell  station  fur  tho  submaxillary  fibres  is  in 
Langley 's  ganglion. 

Parotid  Gland. — This  gland  also  receives  two  sets  of  nerve-fibres 
analogous  to  those  wo  have  studied  in  connection  with  the  submaxil- 
lary gland.  The  principal  secretory  nerve-fibres  are  glossopharyngeal 
in  origin ;  the  sympathetic  is  mainly  vaso-constrictor,  but  in  some 
animals  does  contain  a  few  secretory  fibres  also. 

When  secretory  nerves  aro  stimulated,  the  mail)  result  is  seen  i 
loading  to  a  diminution  of  fcb  lei  in  the  cells.     The  accompany- 

vascular  con.litiuu   determines  foe  quantity  of  saliva  secrci 
Electrical  changes  also  accompany  secret'  (see  p.  47^).     A 

rise  of  temperature  is  stated  to  occur,  but  if  this  is  the  case  it  is 
very  slight,  and  many  observers  have  not  been  able  to  detect  it. 

Reflex  Secretion. — Under  ordinary  circunistuncos  the  secretion 
of  saliva  is  a  rotlox  action.    Tho  principal  afferent  nerves  ue 
tasto;  but  tho  smell  or  sight  of  food  will  also  cause  "  tho  mouth 
water"]  md  under  eettain  circumstances,  as  lwforo  vomiting,  irrita- 

i  of  the  stomach  has  a  similar  effect.  These  sensory  nerves  stimu- 
late a  centre  in  the  medulla  from  which  efferent  secretory  impulses 
are  reflected  along  the  secretory  nerves  (chorda  tympani,  etc.)  to  the 
glands. 

Pan  1"W  lias  made  some  interesting  observations  on  I 
glands.     He  made  au  external  1 1  ul>muxillar\  the 

9og,  and   found  that   the  sight  of  food,  the  smell   of  :  the 

administration  of  a;  of  food,  caused  seer,  nr  even 

sand  introduced  Into  (he  mouth  produced  a  similar  efler.t.  By  means 
of  similar  experiments  on  the  parotid  secret-.'  different  res  ' 

re  obtained.     If  the  dog  was  shown  meat,  or  the  meat  na  given 

to  it  to  eat,  there  was  practically  no  secret  Lm      11,  however,  the  moat 

given  as  u  .pious  secretion  followed,  drj   Iuood 
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»luoed  a  similar  effect;  in  f.ict,  the  parotid  secretion  flows  freely 
if  dry  food  is  simply  shown  to  tho  animal ;  of  course,  in  all  such 
experiments,  the  dog  must  bo  hungry. 

Such  observations  bring  tho  salivary  secretion  into  line  with  tho 
oilier  digestive  juices;  they  show  the  psychical  element  involved,  and 
]»oiut  out  also  t lit?  wonderful  adaptation  of  the  secretory  process  to 
the  needs  of  the  animal ;  thus  the  submaxillary  saliva,  which  it  inn 
a  lubricant  in  virtue  of  its  mucin,  flows  whatever  the  food  may  be, 
whereas  moist  food  requiring  no  watery  saliva  from  the  parotid 
as  the  flow  of  none. 

Extirpation  of  the  Salivary  Glands. — These  i  removed 

without  any  harmful  offocts  in  tho  lower  animals. 


The  Saliva. 

The  saliva  is  the  first  digestive  juice  to  OOBM  En  contact  with  the 
food.  The  secretions  from  the  different  salivary  glands  differ  some- 
it  in  composition,  but  they  are  mixed  in  the  mouth ;  the  secretion 
of  the  minute  mucous  glands  of  the  mouth  and  a  certain  number  of 
epithelial  cells  and  debris  are  added  to  it.  Tho  so-called  "salivary 
corpuscles  "  are  derived  from  the  glands  themselves  or  from  tho  tonsils. 
On  microscopic  examination  of  mixed  saliva  a  few  epithelial 
scales  from  tho  month  and  salivary  corpuscles  from  tho  salivary 
glands  are  seen.  The  liquid  is  transparent,  slightly  opalescent,  of 
slimy  consistency,  and  may  contain  lumps  of  nearly  pure  mucin. 
On  standing  it  becomes  cloudy  owing  to  the  precipitation  of  calcium 
carbonate,  the  carbonic  acid,  which  held  it  in  solution  as  bicarbonate, 
escaping. 

Of  the  throe  forms  of  saliva  which  contribute   to   the  mi-. 
nd  in  tho  mouth  tho  sublingual  is  richest  in  solids  (2"76  l'or  OM 
The  submaxillary  saliva  comes   next  (21  to  2o  per  cent).     When 
artificially  obtained  by  stimulation  of  nerves  in  tho  dog  the  saliva 
obtained  by  stimulation  of  the  sympathetic  is  richer  in  solids  than 
that  obtained  by  stimulation  of  the  chorda  tympani.     Tho  par* 
saliva  is  poorest  in  total  solids  (03  to  0o  per  cent.),  and  contains  no 
mucin.     Mixed  saliva  contains  in  man  an  average  of  about  0*5  per 
cent,  of  solids:  it  is  alkaline  in  reaction,  duo  to  the  salts  in  it;  and 
has  a  of  1002  to  1000. 

Tho  solid  constituents  dissolved  in  saliva  may  ho  classified  thus: 


Organic 


Inorganic 


{i 
1  .<:  feni 
Attire  of  a 
1 


ue  prmpitAtcd  l>y  acetic  aciiL 


■urn  chlori  >■;!  nbiiiidnnt  sail. 

r  salts  i  M  I  '  »natc.  calcium  phosphate  ami 

I  carbonate :  magnesium  pbutpliatc :  jkiUusiuiii  chloride. 


l«>(frtH„n    a 
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The  action  of  saliva  is  twofold,  physical  and  flhemfaal. 

The  physical  use  of  saliva  consists  in  moistening  the  mucous 
membrane  of  the  mouth,  assisting  the  solution  of  soluble  substances 
in  the  food,  and  in  virtue  of  its  mucin,  lubricating  the  bolus  of  food 
to  facilitate  swallowing. 

The  chemical  action  of  saliva  is  duo  to  its  active  principle,  ptyalin. 
This  substance  belongs  to  the  class  of  unorganised  ferments,  and  to 
that  special  class  of  unorganised  ferments  which  ate  called  iimvloIvt.it: 
(starch  splitting)  ordiastatic  (resembling  diastase,  the  similar  ferment 

■•rminating  barley  and  other  grains). 

The  Btarch  is  first  split  into  dextrin  and  maltose;  the  dextrin  is 
subsequently  converted  into  maltose  also:  this  occurs  more  quickly 
wiih  uiy ih ro-dox trin,  which  gives  a  red  colour  with  iodine,  than  with 
the  other  variety  of  dextrin  called  achroo-dextrin,  which  givos  no 
colour  with  iodine.  Brown  and  Morris  give  tho  following  equa- 
tion : — 

+    4nll.<> 
[W« 

laC 

1'tyalin  acts  in  a  similar  way,  but  more  slowly  on  glycogen :  it  has 
no  action  on  cellulose;  hence  it  is  inoperative  on  uncooked  starch 
grains,  for  in  them  the  cellulose  layers  are  intact. 

1'tyalin  acts  best  at  about  the  temperature  of  the  body  (35-40  C). 
It  acta  beet  in  a  neutral  medium;  a  small  amount  of  alkali  makos 
but  little  difference;  a  very  small  amount  of  acid  Btope  ita  activity. 
The  conversion  of  starch  into  sugar  by  swallowed  saliva  in  tho 
stomach  continues  for  a  certain  time.  It  then  ceases  owing  to  the 
1 1  v I rochloric  acid  secreted  by  the  glands  of  the  stomach.  The  acid 
which  is  first  poured  out  neutralises  the  saliva,  ami  combines  with 
the  protoids  of  the  foci,  but  when  free  acid  appears  ptyalin  is  de- 
stroyed, and  so  it  cannot  resume  work  when  the  acid  is  neutralised 
in    the  duodenum.     Another  amylolytio   ferment  contained   in  pt 

itic  juice  (to  be  considered  later)  oonl  innes  the  digestion  of  stanli 
in  the  intestine. 

Cannon  has  ceoeo&y  ahown  that  salivary  digestion  continues  in 
the  stomach  for  longor  than  one  supposed.  Tho  food  lying  in  the 
fundus  of  the  stomach  undergoes  amylolysis  for  at  least  two  hour?, 
because  tho  absence  of  peristalsis  in  this  region  until  quite  lato 
stages  in  digestion  prevents  admixture  with  gastric  juice,  ospecially 
in  the  interior  of  the  sw 


The  juice  secreted  by  the  glands  in  the  mucous  membrane  of  tho 
stomach  varies  in  composition  in  the  different  regions,  but  the  mixed 
gastric  juice,  as  it  may  be  termed,  is  a  solution  of  a  proteolytic 
ferment  called  pepsin  in  a  saline  solution,  which  also  contains  a  little 
free  hydrochloric  acid. 

The  gastric  juice  can  be  obtained  during  the  life  of  an  animal  by 
means  of  a  gastric  fistula.*  Gastric  fistulro  have  also  been  made  in 
human  beings,  either  by  accidental  injury  or  by  surgical  operations. 
The  most  celebrated  case  is  that  of  Alexis  St  Martin,  a  young 
Canadian,  who  received  &  musket  wound  in  the  abdomen  in  1822. 
Observations  made  on  him  by  Dr  Beaumont  formed  the  starting- 
point  for  our  correct  knowledge  of  the  physiology  of  the  stomach  and 
its  secretion. 

Wo  now  make  artificial  gastric  juice  by  mixing  weak  hydrochloric 

i  [0"S  Mr  emit.)  with  the  glycerin  extract  of  the  stomach  of  a 
recently-killed  animal.  This  artificial  juice  acts  like  the  normal 
juice. 

Two  kinds  of  glands  are  distinguished  in  the  stomach,  which  differ 
from  each  othor  in  their  position,  in  the  diameter  of  their  epithelium, 
and  in  their  secretion.  Their  structure  will  be  found  described  on 
j . I »  till,  451.  We  iiuiy,  however,  repeat  that  the  cardiac  glands  are 
Imse  situated  in  tho  cardiac  part  of  the  stomach:  their  ducts  are 
short,  their  tubules  long  in  proportion.  The  latter  are  filled  with 
polyhedral  cells,  only  a  small  lumen  being  left ;  they  are  more 
coarsely  granular  than  the  corresponding  cells  in  the  pyloric  glands. 
They  are  called  principal  or  central  cells.  Between  them  and  the 
basement  membrane  of  the  tubule  are  other  cells  which  stain  readily 
with  aniline  dyes.     They  are  called  parietal  or  oxyntic  cells.     The 

*  A  gastric  fistula  is  made  by  cutting  through  the  abdominal  wall  so  as  to 
ex(>ose  thr  stomach.  The  stomach  is  then  attached  to  the  wipes  of  the  abdominal 
wound,  and  a  small  orifice  is  finally  made  through  the  wall  of  the  stomach.  Wha 
tint  wound  heals  there  is  then  a  free  communication  between  the  stomach  and  the 

rior. 
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pyloric  glands,  in  the  pyloric  part  of  the  stomach,  have  long  dm  i.- 
and  short  tubules  lined  with  cubical  granular  cells.  There  are  no 
parietal  colls. 

The  central  colls  of  the  cardiac  glands  and  the  cells  of  tbfi  pyloric 
glands  aro  loaded  with  granules.  During  secretion  they  di 
their  granules,  those  that  remain  being  chiefly  situated  near  tho  lam 
leaving  in  each  cell  a  clear  outer  zone.  These  are  tho  colls  that 
secrete  the  pepsin.  Like  secreting  cells  genorally,  they  select  certain 
materials  from  the  lymph  that  bathos  them ;  these  materials  are 
worked  up  by  tho  protoplasmic  activity  of  tho  cells  into  tho  secretion, 
which  is  then  discharged  into  tho  lumen  of  the  gland.  The  most 
important  BiibsM in  >•  in  a  digestive  secretion  is  the  ferment.  To  . 
case  of  the  gpsatrio  juice  this  is  pepsin.  We oan trace. m  mteraetii&te 
step  in  this  process  by  the  presence  of  the  granules.  The  granules 
are  not,  however,  composed  of  pepsin,  but  of  a  mother-substance 
which  is  readily  converted  into  pepsin.  Wo  shall  find  a  similar 
ferment  precursor  in  the  colls  of  the  pancreas,  and  the  term  zymogen 
is  applied  to  those  ferment  precursors.  The  zymogen  in  the  gastric 
cells  is  called  pepsinogen.  The  rennet-ferment  or  rennin  that  causes 
the  curdling  of  milk  is  distinct  from  pepsin,  but  is  formed  by  the 
same  cells. 

The  parietal  cells  undergo  meroly  a  change  of  size  during  secre- 
tion, being  at  first  somewhat  onlargod,  and  after  secretion  they  are 
somewhat  shrunkon.  Tlioy  are  also  called  oxyntic  (acid-forming)  cells, 
becauso  they  secrete  tho  hydrochloric  acid  of  tho  juico.  Heideuhain 
succeeded  in  making  in  one  dog  a  cul-de-sac  of  tho  fundus,  in  .um:  | 
of  the  pyloric  region  of  the  stomach;  the  former  secreted  a  juice 
containing  both  acid  and  pepsin ;  the  latter,  parietal  o&Hb  befog 
absent,  secreted  a  viscid  alkaline  juico  containing  pepsin.  The  forma- 
tion of  a  free  acid  from  the  alkaline  blood  and  lymph  is  an  important 
problem.  There  is  no  doubt  that  it  is  formed  from  the  chlorides  of 
tho  blood  and  lyniph,  and  of  the  many  theories  advanced  as  to  how 
this  is  dono,  M  ilv's  is,  on  the  whole,  the  most  satisfactory.  He  con- 
siders that  it  originates  by  the  interaction  of  the  calcium  chloride 
with  the  di-s odium  hydrogen  phosphate  of  the  blood,  thus:— 

2N...Hr<>]    *    SCfcO,    -   Ca./I'O/),   +   4NaCI   +   2HC1, 

|DI-uidluiri  liyilrugau       (Cmlduro  (<  ..Icium  [Hydrochloric 

pi.  ■  'I'll  .•••  ]  chloride]  jibcaphftte.)  onto! 

or  more  simply  by  the  interaction  of  sodium  chloride  and  sodium  di- 
hydrogen  phosphate,  as  is  shown  in  the  following  equation  : — 


ISrli 


N.HI'O,    +    1 

Ham  iH-liyilrvjBeu     ft 


|.ii..-jiii  i- 1'  | 


NaCI  III'O,     f    HC1. 

i  im  hylnwn     (HjrJio- 


The  sodium   di-hydroget)    jibosphato   in   tho  above  equation    is 
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ilorived  from  the  interaction  of  the  di-sodium  hydrogen  phosphate  and 
the  carbonic  acid  of  the  blood,  thus  :  — 

v.  Hl'O,  +   CO,    t    II.O   -   NaHCOj   +    N..II  l'<\. 

But,  as  Gamgee  has  pointed  out.  these  reactions  can  hardly  be 
considered  to  occur  in  ilio  blood  generally,  but  rather  in  the  oxyntic 
cells,  which  possess  the  necessary  selective  powers  in  reference  to 
the  saline  constituents  of  the  blood,  anil  the  hydrochloric  acid,  as  soon 
as  it  is  formed,  passes  into  the  secretion  of  the  gland  in  consoquoiKMf 
of  its  high  pnw:r  t if  diffusion 


Composition  of  Gastric  Juice. 

The  following  table  gives  the  percentage  composition  of  the  gastric 
juice  of  man  and  the  dot,': — 


0— Iflw  Bti 


Water.        .         . 

Organic  substances  (chiefly  pepsin) 

CaCL.   .'         ."         I 

NaCf 

KCI 

NH.Ci 

Ca/FO,), 

M^:    :.    •    : 


I!'  !  i»n. 


»*. 


o-sa 

0-90 

•  >t»06 

0-14 

0-05 


o-oi 


07  -so 

1   71 

040  to  0O0 

0   ifl 

')■:•:;, 

Ml 

0  05 
0-17 
I'M 

0008 


One  sees  from  this  how  much  richer  in  all  constituents  the  gastric 
juice  of  the  dog  is  than  that  of  man.  Carnivorous  animals  have  always 
a  more  powerful  gastric  juice  than  other  animals;  they  have  in 
work  for  it  to  do ;  but  the  great  contrast  seen  in  the  table  is,  no 
doubt,  partly  duo  to  the  fact  that  the  persons  from  whom  it  has  been 
possible  to  collect  gastric  juice  have  been  invalids.  In  the  foregoing 
table  one  also  sees  the  great  preponderance  of  chlorides  over  other 
salts ;  apportioning  tho  total  chlorino  to  the  various  motals  present, 
that  which  remains  over  mint  l>o  combined  with  hydrogen  to  form 
tho  free  hydrochloric  acid  of  the  juice. 

In  recent  years,  tho  composition  and  action  of  the  gastric  juice 
has  ljoon  studied  by  Paw  low.  Bv  an  ingenious  surgical  operation,  he 
succeeded  in  separating  from  the  stomach  of  dogs  a  diverticulum 
which  pours  its  secretion  through  an  opening  in  the  abdominal  wall ; 
the  nerves  of  this  small  stomach  are  intact,  and  the  amount  of  juice 
that  can  bo  collected  from  it  when  it  is  active  amounts  to  several 
hundred  cubic  centimetres  in  a  few  hours.  Fawluw  thus  obtained  a 
pure  gastric  juice,  which  enabled  him  to  study  its  action  and  com- 
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position.     It  is  clear,  colourless,  lias  a  specific  gravity  of  1003 — 1006, 

I  is  feebly  dextro-rotatory.      It  contains  04  to  06  per  cent,  of 

Irochloii  It  is  strongly  proteolytic,  and  inverts  cane  sugar. 

When  cooled  to  0  precipitate  of  pepsin,  and  this 

ties  down  with  it  the  bom  in  rmbra&tion,  especially  in  the 

l.iynr.s   first  de]tosited.      Its  percentage  con;]  is  very  similar 

to  that,  of  a  proteid,  only  it  contains  chlorine  in  addition  bo  the  usual 

elements.    The nmnbera gggse eloeoly  with  thooo obtained  by  Knhno, 

who  used  ainmoninm  sulphate  as  the  precipitant,     The  following  are 

the  analytical  figures: — 

Papain  j.-recliiiUtod 


Carbon 

Hydrogen 

('Murine 

Sulphur 

Nitrogen 

Oxygen 


■ 
80*78 
7-28 

1-01  tol'17 

0*98 

Not  estimated 

The  remainder 


I'rerlplUt*)  by 
Am.SO,. 

)  ■  >  a  -i". 
SO -87 

«-88 

0-89 

1-34 

m  •:.:.  to  is-o 

The  remainder. 


Pepsin  stands  apart  from  nearly  all  other  ferments  hy  requiring 
an  acid  medium  in  order  that  it  may  act.  I'roltaMy  a  compound  of 
the  two  substances,  called  pcpsin-hydrockloric  acid,  is  the  really  active 
agent.  Other  acids  may  take  the  place  of  hydrochloric  acid,  but  none 
act  bo  well.  Lactic  acid  is  often  found  in  gastric  juice:  this  is 
derived  by  fermentative  processes  from  the  food. 

The  digestive  powers  of  the  acids  arc  proportional  to  their  dissociation  and  the 
iiiimlter  of  H  ions  liberated.  The  anions,  himevrr.  modify  'Ins  liy  having  different 
powers  of  retarding  the  aetion.  Th<'  greater  suitability  of  hydrochloric  over  lactic 
■dd,  be  instance,  in  gastric  digestion  is  due  to  the  fact  that  the  former  acid  more 
rmdilv  undergoes  dissociation. 

Hydrochloric  acid  Is  absent  in  some  diseases  of  the  stomach ;  the  best  colour 
wir  it  are  the  following:— 

(n)  Gunsberg'g  reagent  consists  of  2  parts  of  nhloroglucinol,  1  part  of  vanillin. 
and  HO  parts  oi  -pint     A  drop  of  filtered!  gastric  juice  is  evaporated  with 

an  equal  quantity  of  the  reagent  Keu  crystals  form,  or  if  much  peptnne  is  present, 
there  will  be  a  red  paste.  The  reaction  takes  place  with  one  part  of  hydrochloric 
add  in  10,000.     The  organic  acids  do  not  give  the  reaction. 

(/<)    I  teat      I  'Tops  of  a  saturated  solution  of  tropscolin  -00  in  CJ4  per 

rent,  methylated  spirit  are  allowed  to  dry  on  a  porcelain  slab  at  40  C.  A  drop  of 
the  fluid  to  lie  tasted  la  placed  on  the  tropnohn  drop,  still  at  iff  C.  :  anil  if  hydro- 
chloric acid  is  present,  a  violet,  spot  is  left  when  the  fluid  has  evaporated.  A  drop 
of  0'Outi  per  cent  hydrochloric  acid  leaves  a  distinct  mark. 

(<•)  Topfer's  test.  A  drop  of  dimt-thyl-uuiiilo-azo-bengnl  is  spread  in  a  thin  film 
on  a  white  plate.  A  drop  of  dilute  hydrochloric  acid  (up  to  !  in  i0,i  "■'•)  strikes  with 
this  in  the  cold  a  bfteht  red  colour. 

Lactic  acid  is  soluble  in  ether,  and  is  generally  detected  by  making  an  ethereal 
extract  of  the  stomach  contents,  and  evaporating  Die  etlier.  If  lactic  acid  is  present 
fa  the  residue  it  ni'iy  be  identified  hy  the  following  way  : — 

A  solution  of  dilute  ferric  chloride  and  carbolic  acid  Is  made  as  follows : — 

10  tc.  of  a  4-per-cenL  solution  of  carbolic  nei  i 
<-.  of  distilled  water. 

1  drop  of  the  liiiuor  fcrri  pcrchlondi  of  the  British  Pluinnaeopu-ia. 

On  mixing  a  solution  containing  a  mere  trace  (up  to  1  part  in  TO.Oi  0)  of  lactic 
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■dd  with  this  violet  solution,  it  is  Instantly  turned  yellow.     Larger  percentages  of 
other  acids  (for  instance,  more  than  0*2  per  cent  of  hydrochloric  acid)  are  necessary 

to  decolorise  the  tori  ^"Mf 


The  Innervation  of  the  Gastric  Glands. 

As  long  ago  as  1852  Bidder  and  Schmidt  showed  in  a  dog  with 
a  gastric  fistula  that  the  sight  of  food  caused  a  secretion  of  gastric 
juice;  and  in  1878  Richet  observed  that  in  a  man  with  complete 
occlusion  of  the  gullet  the  act  of  mastication  caused  a  copious  flow 
of  gastric  juice.  There  could  therefore  have  been  no  doubt  that  the 
glands  are  under  the  control  of  the  nervous  system,  but  the  early 
attempts  to  discover  the  secretory  nerves  of  the  stomach  were  un- 
successful. Tho  Russian  physiologist  Pawlow  has  solved  the  problem 
by  the  employment  of  new  methods.  He  experimented  on  clogs.  In 
the  first  place  he  separated  off  the  diverticulum,  which  wo  have 
described  on  p.  483,  and  by  careful  experiments  lie  showed  that 
tho  secretion  of  this  small  stomach  is  an  exact  sample,  both  as  regards 
composition  and  rate  of  formation,  of  that  which  occurs  in  the  main 
stomach,  which  is  still  left  in  continuity  with  the  cesophagus  above 
and  the  duodenum  below. 

Another  procedure  adopted  was  to  divide  the  oesophagus,  and  to 
attach  tho  two  cut  ends  to  the  opening  in  the  neck.  The  animal  was 
fed  by  the  lower  segment,  but  any  food  taken  into  the  mouth,  or  any 
saliva  secreted  thore,  never  reached  the  stomach,  but  fell  out  through 
the  opening  of  the  upper  segment.  These  animals  were  kept  alive 
for  months,  and  soon  accommodated  themselves  to  their  new  con- 
ditions of  life.  The  animals  could  thus  bo  subjected  to,  (1)  real 
feeding,  (2)  sham  feeding,  by  allowing  them  to  oat  food  which  subse- 
quently tumbled  out  through  tho  neck  opening,  and  (3)  psychical 
feeding,  in  which  tho  animal  was  shown  tho  food  but  was  not  allowed 
to  eat  it     The  psychical  element  is  important 

Mechanical  excitation  of  the  stomach  wall  produces  no  secretion. 
It  water  is  introduced  there  is  a  slight  iiow,  and  even  if  meat  is 
introduced  into  the  main  stomach  without  tho  knowledge  of  the  dog, 
tho  juice  formed  is  scanty  and  of  fooblo  digestive  power. 

There  is,  moroovor,  no  connection  between  the  acts  of  mastication 
and  swallowing  with  that  of  gastric  secretion.  Sham  feeding  with 
atones,  butter,  salt,  popper,  mustard,  extract  of  meat,  urn  I  .iri.l,  though 
it  excited  a  flow  of  saliva,  produced  no  effect  on  the  stomach.  If, 
however,  meat  was  used  for  the  sham  feeding,  an  abundant  and  active 
secretion  occurred  in  the  stomach  (that  of  the  small  stomach  was 
actually  examined)  after  a  latency  of  about  five  minutes.  The 
secretion  is  thus  adapted  to  the  kind  of  food  tho  dog  has  to  digest ; 
the  larger  tho  proportion  of  proteid  in  the  diet,  tho  more  abundant  is 
the  juice,  and  the  richer  both  in  pepsin  and  acid. 
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Indeed,  if  the  animal  is  hungry  and  shown  the  meat  and  not 
allowed  to  swallow  it,  tho  effect  is  as  great  The  following  striking 
experiment  also  shows  the  importance  of  the  psychical  element.  Two 
dogs  were  taken,  and  a  weighed  amount  of  proteid  introduced  into  the 
main  stomach  in  each  without  their  knowledge ;  one  was  then  sham 
fed  on  meat,  and  one  and  a  half  hours  later  the  amount  of  proteid 
digested  by  this  dog  was  five  times  greater  than  that  which  was 
digested  by  tho  other. 

In  the  meat,  however,  it  is  not  the  proteid  which  acts  most 
strongly  as  the  stimulus ;  egg-white,  for  instance,  is  not  a  stronger 
stimulus  than  water,  but  extract  of  meat  is  a  powerful  stimulus ; 
what  the  exact  extractives  are  that  act  in  this  way  is  not  yet  known, 
and  Herzen  has  since  shown  that  dextrin  acts  even  more  powerful  Iv 
Horzon  «lisi  uiuriiishoa  between  succagogues  (juicc-drivore)  like  Liobig's 
extract,  and  peplogens  like  dextrin,  which  produce  not  only  an 
increased  now,  but  a  juice  rich  in  pepsin-hydrochloric  acid.  The 
products  of  proteolysis  are  also  peptogenic,  so  that  when  once 
digestion  has  started,  a  stimulus  for  more  secretion  is  p 

If  the  vagi  are  cut  (below  the  origin  of  the  recurrent  laryngeal  to 
avoid  paralysis  of  the  larynx),  and  then  sham  feeding  is  performed 
with  meat,  no  secretion  is  obtained ;  tho  vagi  therefore  contain  the 
secretory  fibres.  The  experiment  of  stimulating  the  peripheral  end 
of  tho  cut  nerve  confirmed  this  hypothesis.  Tho  nerve  was  cut  in 
tho  nock  four  or  five  days  before  it  was  stimulated;  in  this  time 
dogonoration  of  the  cardio-inhibitory  libres  took  place,  so  thai 
stoppage  of  tho  heart  did  not  occur  v,  Ian  the  nerve  was  stimulated; 
D  in  lor  these  circumstances  a  socreLion  was  obtained  with  a  long 
latency;  the  latency  is  explained  by  the  presence  of  secreto-inhibitory 
fibres.  Atropine  abolishes  the  action  of  the  vagus.  In  other  animals 
the  spinal  cord  was  cut  at  the  level  of  the  first  cervical  nerve,  and  tho 
animal  kept  alive  by  artificial  respiration ;  tho  vagus  norvo  was  then 
cut,  and  its  peripheral  end  sti  inula  tod ;  an  abundant  secretion  usually 
followed.  Division  of  the  cord  renders  an  anaesthetic  unnecessary, 
.tin  1  also  ['invents  the  afferent  impulses  set  up  by  the  operation  passing 
to  the  vagal  centres,  and  thus  exciting  the  inhibitory  impulses  whi<  li 
pass  down  the  vagus,  and  tend  to  prevent  secretion  under  ordinary 
circumstances. 

I'awlow  thinks  that  the  sympathetic  also  contains  some  secretory 
libres,  but  this  li  ,ut  been  proved. 


Action  of  Gastric  Juice. 

Tho  principal  action  of  tho  gastric  juice  consists  in  00Q  verting  the 
proteids  of  tho  food  into  the  diffusible  peptones.  In  the  case  of  milk 
this  is  preceded  by  the  curdling  due  to  rennet  (see  p.  462). 
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There  is  a  still  further  action — that  is,  the  gastric  juice  iB  anti- 
septic ;  putrefactive  processes  do  not  normally  occur  in  the  stomach, 
and  the  organisms  that  produce  such  processes,  many  of  which  aro 
swallowed  with  the  food,  are  in  great  measure  destroyed,  and  thus  tho 
body  is  protected  from  them. 

Tho  formation  of  peptones  is  a  process  of  hydrolysis ;  peptones 
may  be  formed  1 1  otoOT  hydrating  agencies  like  superheated  steam 
and  heating  with  dilute  mineral  acids.  There  are  certain  intermediate 
steps  in  this  process:  tho  intermediate  substances  are  called  pro- 
peptones  or  proteoses.  Tho  word  "  proteose  "  includes  the  albumoses 
(from  albumin),  globuloses  (from  globulin),  vitelloses  (from  vitellin), 
etc.  Similar  substances  are  also  formed  from  gelatin  (gelatinoses) 
and  elastin  (olastoses). 

Another  intermediate  step  in  gastric  digestion  is  called  para- 
peptone:  this  is  acid  albumin  or  syntnnin.  The  products  of  digestion 
of  albumin  may  be  classified,  according  to  the  order  in  which  they  are 
formed,  as  follows : — 


1.   Parapcptone,  or  acid  albumin. 

((a)  1'roto-AJbumose 
('•)  Hetero-albumosc    J 
(r)  Deutero-albumose 
3.  Peptone. 


The  primary  albumoses. 
those  which  arc  formed 
first 


It  is  doubtful  whether  all  tho  protoid  present  passes  through  the 
acid -albumin  stage. 

The  primary  albumoBes  are  precipitated  by  saturation  with 
magnesium  sulphato  or  sodium  cliloride.  Deutero-albumoso  is  not; 
it  is,  however,  precipitated  by  saturation  with  ammonium  sulphate. 
Proto-  and  deutero-alhumoso  aro  soluble  in  water;  hotero-albumose  is 
not;  it  requires  salt  to  hold  it  in  solution 

Peptones. — They  are  sol u bio  in  water,  aro  not  coagulated  by  heat, 
and  are  not  precipitated  by  nitric  acid,  copper  sulphate,  ammonium 
sulphate,  and  a  number  of  other  precipitants  of  proteids.  They  are 
precipitated  but  not  coagulated  by  alcohoL  Thoy  are  also  precipi- 
tated by  tannin,  picric  acid,  pobusio  ifl  iodide,  phoapho- 
molybcBc  arid,  wad  phospho-tungstic  acid. 

Thoy  give  the  biuret  reaction  (rose-red  solution  with  a  trace  of 
copper  sulphate  and  caustic  potash  or  soda). 

Peptone  is  readily  diffusible  through  animal  membranes.  The 
utility  of  the  formation  of  diffusible  substances  during  digestion  is 
obvious. 

Proteoses. — Thoy  are  not  coagulated  by  heat;  they  are  precipi- 
tated but  not  coagulated  by  alcohol :  like  poptono  they  give  tho 
biuret  reaction.  They  aro  precipitated  by  nitric  acid,  the  j/rc.-ipitaU 
being   soluble  on    heating,   and   reappearing   when    the    liquid    cools. 
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This  last  is  a  distinctive  property  of  proteoses.    They  are  slightly 

diffusible. 
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The  above  table  will  give  us  at  a  glance  the  chief  characters  of 
gtftptontH  ami  proteoses  in  contrast  with  those  of  the  native  proteids, 
albumins,  and  globulins. 

We  see  that  the  main  action  of  the  gastric  juice  is  OPOD  fcht 
proteids  of  the  food,  converting  them  into  more  soluble  ami  diffusible 
products.  The  fats  are  not  chemically  altered  in  the  stomach,4-  their 
proteid  envelopes  are,  however,  dissolved,  and  the  solid  fats  are  melted. 
Starch  is  unaffected;  but  cane  sugar  is  inverted.  The  inversion  o! 
cane  sugar  is  largely  due  to  the  hydrochloric  acid  of  the  juice,  and  is 

l uently  assisted  by  inverting  ferui'^Hi hi urii  lined  in  the  vegetable 
food  swallowed. 

The  question  lias  been  often  raised  why  the  stomach  does  not  digest  itself  during 
life.  The  mere  fact  that  the  tissues  are  alkaline  and  pepsin  requires  an  acid 
medium  in  which  to  act  is  not  an  explanation,  hut  only  opens  up  a  fresh  dilltculty 
as  to  why  the  pancreatic  juice  which  is  alkaline  docs  not  digest  the  intestinal  wall. 
To  say  that  it  is  the  vital  properties  of  the  tissues  that  enable  them  to  resist 
digestion  only  shelves  the  dimciilty  and  gives  no  real  explanation  of  the  mechanism 
of  defence.     Recent  studies  on  the  important  question  of  immunity  (sec  p.  439) 


*  In  the  case  of  dcutero-albumose  this  reaction  only  occurs  in  the  presence  of 
excess  of  salt 

t  According  to  some  recent  observations,  a  small  amount  of  fat-splitting  docs 
occur  in  the  stomach. 
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have  furnished  us  with  the  key  to  the  problem;  just  as  poisons  introduced  from 
without  stimulate  tlie  < ells  to  produce  antitoxins,  so  harmful  substances  produced 
within  tlie  body  are  provided  with  anti-substances  capable  of  neutralising  their 
effects  ;  for  this  reason  the  blooi  does  not  normallv  dot  within  the  blood-vessels, 
and  Weinland  has  shown  that  the  gastrk-  epithelium  forms  in  antipepsin.  the 
intestinal  epithelium  nn  antitrypsin,  and  so  on. 


Mott'a  Tubas. 

\  method  which  is  now  generally  employed  for  estimating  the  protco' 
activity  of  a  digestive  juice  is  one  originally  introduced  l>y  Mctt  Pieces  of 
capillary  glass  tubing  of  Known  length  are  filled"  with  ahtte  of  egg.  This  is  set  into 
a  solid  by  heating  to  K  I  .  They  are  then  placed  in  the  digestive  fluid  at  3'5"  C, 
■ad  tin-  coagulated  egg-white  is  digested.  After  a  given  time  the  tubes  are 
removed  ;  mid  if  Lhc  digestive  process  has  not  gone  too  far.  only  a  part  of  the  little 
column  of  coagulated  proteid  will  h.ivc  disappeared;  the  length  of  the  remaining 
column  la  ■• 'tly  measured,  and  the  length  that  has  been  digested  Is  »  measure  of 
the  digestive  strength  of  the  fluid. 

Hamburger  has  used  the  same  method  in  investigating  the  digestive  action  of 
juices  on  gelatin.     The  tubes  arc  filled  with  wurm  gelatin  solution,  and  tins  ji 
on  cooling.     They  are  placed  as  before  iti  the  digestive  mixture,  and  the  length  of 

'olumn  that  dUapiwars  can  be  easily  measured.  These  experiments  must,  how- 
ever, be  performed  it  room  temperature,  for  the  usual  temperature  (U'i — 10  C.J  ft! 
■  liirli  ;irtiin-ijil  digestion  is  usually  carried  out  would  tuclt  the  gelatin.     He  lias 

I  Uie  same  method  for  estimating  amylolytic  activity,  by  filling  the  tubes  with 
thick  starch  paste. 

Schata'  Law. 

E.  Scbutx  stated  in  I8SS  tliat  the  UUHtflt  ftl  peptic  U  tivity  i>  MO]  'o  the 

souarc  root  of  the  amount  of  pepsin.     This  wns  COOJfanod  by  BotMOOVi  ■••  i.  .  used 
Mett's  capillary  tube  methud.     An  example  (taken  from  the  ■Oik  01  E    BcfaUtla  «hn 
estimated  the  amount  of  the  digestive  products  in  IfMrlfl  by    menus  of  uiti 
determinations)  will  sutfu  c. 
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This  work  was  an  early  uliciiipt  to  deal  wiiii  eiuyuie  OC  UCt  iiiatheiiwili- 

CflJ  lines.  ■  branch  of  the  subject  now  being  c.v  hudied.     Some  hive  stated 

tliat  the  law  holds  more  or  less  exactly   for  other  c;  D  Otbef  cases  the  relo- 

liuu-hip  la  dtflbrant      Hie  usual  method  now  adopted  is  to  estimate  the  veto 
reaction,  that  is,  the  time  occupied  by  the  ferment  in  nccornplishinir  u  given  end  « mi 
a  fixed  amount  of  Material     If.  for  instance,  one  takes  a  series  of  tubes,  each  con- 
Dalninn  the  same  amount  of  milk,  and  adds  to  rah  different  known  amounts  of 
NOB  i.  the  :>ied  iii  producing  curdling  is  noted.     In  this  case, 

■ad  in  .similar  experiment*  with  blood  or  blood-plasma  und  fibrin  ferment,  the 
amount  of  ferment  multiplied  by  the  coagu  MB  is  constant;  thus,  if  tWOdrOfM 

of  rennet  produce  eougulaiioii  m  80  seconds,  four  drops  will  < -urdle  the  same  amount 
of  ruilk  in  15  seconds.  The  sunn-  simple  relationship  ftlsii  probably  holds  for  tlic 
action  of  invcrtui,  crcpsiu.  und  try  p 


IIeice  we  have  to  consider  the  action  of  pancreatic  juice,  of  bile,  and  of 
the  succua  entericus. 

The  Pancreas. 
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DIGESTION    IN   THE   l.NTBSTINKS 


This  is  a  tubulo-racemose  gland  closely  resembling  the  salivary 

glands  in  structure.     The  principal  differences  are  that  the  alveoli  or 

acini  tire  more  tuhuliir  in  character; 
the  connective  tissue  between  them 
is  looser,  and  in  it  arc  small  groups 
of  opitholium-like  cells,  which  are 
supplied  by  i  close  network  of  capil- 
laries (fig.  398), 

Tlio  secreting  cells  of  the 
pancreas  are  polyhedral.  "When 
examined  in  the  fresh  condition,  or 
in  preparations  preserved  by  osmic 
acid,  their  protoplasm  is  seen  to  bo 
iilled  in  the  inner  two-thirds  with 
small  ;  but  tho  outer  tliird 

is  left  clear,  and  .stains  readily  with 
protoplasmic  dyee  {fig.  397). 

During  secretion  the  granules  aro 
discharged ;  the  clear  zone  conse- 
quently becomes  wider,  and  the 
grannies  zone  narrower. 

These  granules  indicate  the 
presence  of    a   zymogen    which    is 

called    tripsinogen;     that    is,    the    preenZBOt   «>f    t.rypsin,    the   meet 

important   ferment  of  the  pancreatic,   juice. 

In  the  centre  of  the  acini,  spindle-shai^i  atro-acinar  colls) 

are  often  Been  .  I  heir  function  and  origin  are  unknown. 
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Composition  and  Action  of  Pancreatic  Juice. 

The  pancreatic  juice  maybe  obtslnod  by  a  fistula  in  animals,  a 
cannula  being  inserted  into  iho  main  pancreatic  duct;  hut  U  in  thfl 
case  of  gastric  juice,  experiments  on  the  pancreatic  secretion  are  usu- 
ally performed  with  an  artificial  juice  made  by  mixing  a  weak  alkaline 
solution  (1  per  cent,  sodium  carbonate)  with  a  glycerin  extract  of 
pancreas.    The  pancreas  ihoald  it:  treated  with  dilute  acid  for  a  few 

«?**■>  •  • •  5» 
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Via.  feftt.    Sacilon  of  Ik*  j*fien«vi  of  »riiu*tilto,  •bowing  alvtnli  »i-l  «n  U>  l  of  lAagorhftiu  In  tad  ton- 
■Htlva  Umm    <v.  it  Ban 

hours  liofore  the  glycerin  is  added.     This  ensures  a  conversion  of  the 
1 1  \  panOgEO  into  trypsin. 

Quantitative  analysis  of  human  pancreatic  juice  gives  the  follow- 
ing results : — 

Water 07"<J  per  cent 

i   - 
!  i     i  _-nnic  salts 0<5 

Iii  tin-  'lug  tin-  amount  of  Miiuls  is  much  greater. 
The  organic  substances  in  pancreatic  juice  are — 
(a)  Ferments.    These  are  the  most  important  both  quantitatively 
and  functionally.    They  are  four  in  Dumber: — 
L  Trypsin,  a  proteolytic  ferment. 

li.    Arnvlopsin  01  pancreatic.  diasfaH'.  :m  amvlol y\  ic  Ferment. 
iii    Steapsin,  a  fat-.splittingor  lipoh  tit. 

iv.   A  milk-curdling  ferment. 

{b)  A  small  amount  of  proteid  matter,  coagulahle  by  best 
(c)  Traces  of  leucine,  tyrosine,  xanthine,  and  soaps. 
The  inorganic  substances  in  pancreatic  juice  are — 
Sodium  chloride,  which  is  tho  most  abundant,  ami  smaller  quan- 
tities of  potassium  chloride,  and  phosphates  of  sodium,  calcium,  and 
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magnesium.  The  alkalinity  of  the  juice  is  due  to  phosphates  and  car- 
bonates, especially  of  sodium. 

1.  Action  of  Trypsin. — Trypsin  acts  like  pepsin,  but  with  certain 
differences,  which  aro  as  follows: — 

(a)  It  acts  in  an  alkaline,  pepsin  in  an  acid  medium. 

(b)  It  acts  more  rapidly  tlian  pepsin ;  deuteru-proteoses  can  bo 
detected  as  intermediate  products  in  the  formation  of  peptone;  the 
primary  proteoses  have  not  been  detected. 

(c)  An  albuminate  of  the  nature  of  alkali-albumin  is  forme  J  in 
placo  of  the  acid-albumin  of  gastric  digestion. 

(<2)  It  acts  more  powerfully  oo  certain  albuminoids  (such  as  elastin) 
which  are  difficult  of  digestion  in  gastric  juico.  It  does  not,  howuvm  , 
digest  collagen. 

(e)  Acting  on  solid  proteids  like  fibrin,  it  eats  them  away  from  the 
surface  to  the  interior ;  there  is  no  preliminary  swelling  as  in  gastric 
digestion. 

(/)  Trypsin  acts  further  than  pepsin,  on  prolonged  action  docom- 
posii  peptone  which  has  loft  tin-  stomach  into  simpler  products, 

of  which  the  most  important  an;  Imoi&Bj  tyrosine  (soe  p.  49U),  poly- 
peptides (see  p.  500),  arginine  (sec  p.  404),  aspartic  acid  [ajnino-suoeinic 
acid  C.JHs(NH2')(C00H).i]1  glutamic  acid  [aniino-pyrotartaric  acid, 
C,H4(NH2)(COOH)2],  ammonia,  and  a  substanco  callud  tryptophan 
[indoie-amino-propionic  acid],  which  gives  a  red  colour  with  chlorine 
or  bromine  water,  and  also  the  Adaiutiowics  reaction  (p,  398). 

rin  action  nf  proteolytic  euayiues  !■■  i>y  a  process  of  hydr.il\--i-;,  i>>  spU 
hear]  profc  id  molecule  into  tmaDei  and  smaller  molecules  i  Brst,  we  gel  proteo 
then  pep  ami.  finally,  Dimple   products  like  leucine  and 

tyrosine  A  variable  fraction  of  the  protcid  molecule  is  broken  off  with  coniprtratitr 
ease,  but  the  ^^  liole  Im-akdou  n  is  more  easily  | km  funned  by  the  powerful  bjptic 
eiizyni.-  than  by  tin-  00X00001  ivrly  feclile:  00001  pepsin.  Pepsin,  Ii(i«tht,  ||  nut 
entirely  inactive  in  this  direction,  V9t  ■Ithongli  teacloc  and  tyro  not  usually 

bond  hi  ,i  peptic  divert,  nni<  •..-.  the  action  lias  been  very  proloDgedt  yet  there  OM 

iinalugnii--    . iilv. t. mi  |      of  lnw  molecular  weight  fwpaitic  nod,  h«-xrn 

which    WOO     loCOROeUy    grouped    together    DJ     tin-   earlier    workers    us     i    pcptniic 

(ant.i|H'|iiiini').  Tin-  essential  difference  between  pepsin  sod  trypsin  Is  one  of 
velocity  of  action. 

2.  Action  of  Amylopsin.—  Tlio  conversion  of  starch  iuto  maltose 
is  tho  most  powerful  and  rapid  of  all   the  iietious  of  the  pancreatic 

juice.      It,  is  much   more  powerful   than   saliva,  and  will  art  even  on 
unboiled  starch.    Theabsence  of  this  ferment  in  the  pam  p.Mi.ic  jui 
infants  is  an  indication  that  milk,  and  not  staivh,  \B  thoir  natural  diet. 

3.  Action  on  Pats. — The  action  of  pancreatic  juico  on  fats  is  a 
double  one:  it  forms  an   emulsion,  and  it  decomposes  tho  fats  into 

unl  glycerin  by  means  of  its  fat-splitting  ferment  steapsiu. 
The  fatty  acids  unite  with  ihu  alkaline  bases  to  form  soaps  (sapu, 
cation).     The   chemistry    of  this   is  desm ibed   OO   p.  395.     The  fat- 
splitting  power  of  pancreatic  juice  cannot  be  studied  with  a  glya 
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extract,  as  steapsin  is  not  soluble  in  glycerin :  either  tho  fresh  juice 
or  a  watery  extract  of  pancreas  must  be  used. 

The  formation  of  an  emulsion  muy  be  studied  in  tho  following 
way:  if  olive  oil  and  water  are  shaken  up  togothor,  and  tho  mixture 
is  allowed  to  stand,  the  finely  <livided  oil  gbtrolee  soon  separate,  run 
together,  and  form  a  layer  which  floats  on  the  surface  of  the  water. 
Hut  if  olive  oil  is  shaken  up  with  a  solution  of  soap,  the  conditions  of 
sin  face  tension  are  such  that  the  oil  globules  remain  as  such  in  the 
mixture,  and  a  white  milky  fluid  called  an  emulsion  is  the  result. 
The  emulsion  is  still  more  permanent  if  a  colloid  material  like  gum  or 
albumin  is  also  present.  Pancreatic  jnice  possesses  all  the  necessary 
ipialifications  for  tho  formation  of  an  emulsion;  it  is  alkaline,  and  so 
liberates  fatty  acids  from  tho  fat ;  these  acids  form  soap  with  tho  alkali 
present;  moreover,  it  is  viscous  from  tho  presence  of  proteid. 

4.  Milk-curdling  Ferment.  -The  addition  of  pancreatic  extracts 
or  pancreatic  juice  to  milk  causes  clotting;  but  this  action  (which 
differs  in  some  particulars  from  the  clotting  caused  by  rennet)  can 
hardly  ever  bo  called  into  play,  as  the  milk  upon  which  tho  juice  has 
to  act  has  boon  already  curdled  by  the  rennin  of  tho  stomach. 

Secretory  Nerves  of  the  Pancreas. 

It  has  been  known  since  the  work  of  Claude  Bernard  in  1856 
that  the  introduction  of  ethor  into  the  stomach  produces  a  reflex  flow 
of  pancreatic  juico,  but  all  attempts  to  discover  the  path  of  tho  norvo 
impulses  failed  until  tho  recent  work  of  Pawlow.  Tho  reason  of  tin 
failure  of  previous  workers  is  that  tho  pancreas  is  romarkably  sensi- 
tive to  external  conditions.  If  the  pancreas  is  cooled  or  wounded 
during  the  process  of  making  the  fistula,  or  if  senBory  nerves  are 
excited,  or  if  anresthesia  is  deep,  the  gland  refuses  to  secrete. 

Pawlow  discovered  that  the  vagus  contains  the  secretory  nerves  of 
the  pancreas;  ho  took  care  to  avoid  the  sources  of  error  just  referred 
to.  In  tho  first  place,  he  stimulated  tho  vagi  below  the  m-ipn  of  their 
cardiac  branches;  in  the  second,  the  spinal  cord  was  divided  high  WD 
to  prevent  reflexes  occurring  from  sensory  nones;  and  lastly,  the 
operation  of  stimulating  the  nerve  was  done  without  an  UMBBthetfo. 

In  another  scries  of  experiments,  he  cut  through  one  vagus  in  the 
neck,  and  stimulated  tho  peripheral  end  two  or  three  days  later,  when 
tho  cardio- inhibitory  fibres  had  degenerated:  in  this  way  ho  got  rid 
of  the  heart  stoppage,  which  would  have  interfered  with  the  normal 
i  ( unlit  inn  of  the  animal. 

The  stimulation  of  the  vagus  usually  produced  an  abundant  flow 
of  pancreatic  juice,  after  a  latent  period  of  from  fifteen  seconds  to  two 
minutes.  The  stimulation  applied  to  the  nerve  consisted  of  a  slow 
series  of  shocks  (either  induction  currents  or  mechanical  blows)  about 
onco  a  8ocond.     By  this  menns  stimulation  of  vasoconstrictor  nerves 
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io  the  piUli  uiiiud  Lri  the  vagus  is  avoided.     If  the   blood 

supply  is  diminished  by  stimulation  of  vasoconstrictor  nerves,  the 
lion  is  stopped. 

In  connection  with  Pawlow's  interesting  results,  it  is  desirable  to  add  some  more 
detail*.  The  juw-e  was  obtained  from  dogs  by  stitching  the  portion  of  the  intest  | 
wall  that  contained  the  orifice  of  the  main  pancreatic  duct  to  the- abdominal  wall, 
in  in  li  ii  way  that  the  juice  was  (mured  to  the  exterior  and  could  be  readily 
collected.  If  b'lth  vajri  ore  prepared,  stimulation  of  one  causes  secretion  after  a 
latent  period  which  may  amount  to  as  much  as  fifteen  minutes.  If.  then,  while  the 
in  ■  li  lliiwinjr.  the  opposite  vagus  is  stimulated,  the  secretion  is  at  once  arrested; 
this  shows  the  existence  of  scoreto-lnhil>itur\  films,  which  it  will  be  remembered  is 
also  the  case  with  the  stomach.  One  of  the  most  effective  ways  of  produring  a  How 
of  pancreatic  juice  is  to  introduce  acid  into  the  duodenum,  and  no  doubt  the  acid 
gastric  juice  under  normal  circumstances  Is  the  stimulus  for  the  pancreatic  flow. 
If  while  the  juice  so  produced  is  Mowing,  the  vagus  Is  stimulated,  |iartial  inhibition 
occurs  in  all  cases. 

The  existence  of  secretory  fibres  in  the  sympathetic  for  the  gastric  glands  is 
uncertain,  but  they  certainly  arc  present  for  the  pancreas. 

If  the  branches  of  nerres  that  actually  enter  the  pancreas  are  stimulated,  it  i.s 
possible  to  differentiate  between  the  secretory  und  the  inhibitory  fibres ,  for  the 
excitation  of  some  branches  give  mainly  secretion,  and  of  others  mainly  inhibition. 

We  may  next  compare  the  pane rattic  to  the  giistric  secretion,  and  we  shall  see 
how  beautifully  adjusted  is  the  mechanism  to  the  work  it  liis  to  <!<>. 

The  amount  of  gastric  juice  rises  to  a  maximum  at  the  end  of  the  first  hour,  and 
then  slowly  falls  to  /  to,  which  it  rear  hen  at  the  fifth  hour  after  the  meal.  The 
pancreatic  secretion  rises  to  its  maximum  when  it  is  most  wanted— namely,  later, 
i.e.,  at  the  end  of  the  third  hour,  and  falls  to  tero  at  the  end  of  the  fifth  hour. 

The  digestive  power  of  the  juices   varies  with  the  kind  of  food  given.     Thus 
with  gastric  juice,  if  the  proteolytic  activity  when  milk  (a  readily  digestible  food) 
is  given  be  taken  as  1,  that  when  meat  i.s  given  is  1  J,  and  when  hread  is  given  it 
rise*  to  4,  the  proteid  of  bread   being  relatively  very   insoluble.     The  total  I 
secreted  is.  however,  greatest  with  meat  and  lowest  with  bread. 

Using  the  same  three  typical  foods,  the  results  with  pancreatic  secretion  are  as 
follows  :— 

When  meat  is  given,  a  largenmount  of  pancreatic  juice  is  secreted  with  medium 
proteolytic  power,  and  low  diastatic  and  fat-splitting  activity. 

When  bread  Is  given,  more  juice  is  secreted;  its  fat-splitting  action  Is  very 
feeble ;  its  proteolytic  power,  at  first  of  medium  strength,  rapidly  rises  ;  and  its 
diastatic  action  similarly  Increases  quickly. 

When  milk  is  given,  the  juice  first  secreted  lias  high  proteolytic  and  diastatic 
properties  :  but  these  fall  gradually,  whereas  the  fat-splitting  action  is  very  great. 

The  Bo-called  Peripheral  Reflex  Secretion  of  the  Pancreas. 

Wo  have  already  seen  that  the  introductiou  of  acid  into  the  duo- 
denum causes  a  flow  of  pancreatic  juice.  Popielski  and  Wortheimer 
and  Lo  Page  showed  that  this  flow  still  occurs  whon  tho  nerves  supply- 
ing the  duodenum  and  pancreas  have  been  cut  through.  Wdrtheaner 
also  mentions  that  flifl  fltwi  oan  be  auited  by  injection  of  said  into 
the  jejunum,  but  not  when  it  is  injected  into  the  lower  part  of  the 
ileum.  These  authors  conclude  that  the  secretion  is  a  local  reflex, 
the  centres  being  situated  in  tho  scattered  ganglia  of  the  pancreas,  or, 
in  tho  case  of  tho  jejunum,  in  the  ganglia  of  the  solar  plexus. 

This  subject  has  been  ro-investigated  by  Starling  and  Bayliss,  and 
tho  results  they  have  obtained  are  most  noteworthy.     They  consider 
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that  Lho  socrotion  cannot  be  reflex,  since  it  occurs  after  extirpation  of 
the  solar  plexus,  and  destruction  of  nil  norves  passing  to  an  isolated 
loop  of  jejunum.  Moreover,  atropine  does  not  paralyse  the  secretory 
It  must  therefore  be  due  to  direct  excitation  of  the  pancreatic 
cells,  by  a  substance  or  substances  conveyed  to  the  gland  from  the 
lx>wel  by  the  blood-stream.  So  many  of  tho  connections  tatween 
organs  are  made  by  nerves  (the  telegraphic  BOTTOM  of  tin  lody),  that 
wo  are  apt  to  forgot  the  other  messenger,  tho  blood,  whom  we  may 
compare  to  the  poetan 

The  exciting  substance  is  not  acid ;  injection  of  04  per  cent,  of 
hydrochloric  acid  into  the  blood-stream  has  no  influence  on  the 
pancreas.  The  substance  in  question  must  be  produced  in  the 
intestinal  mucous  membrano  under  tho  inftuonce  of  the  acid.  This 
conclusion  was  confirmed  by  experiment  If  tho  raucous  membrane 
of  the  jejunum  or  duodenum  is  exposed  to  the  action  of  04  per  cent, 
hydrochloric  aeid,  a  body  is  produced  winch,  when  injected  into  tho 
blood-stream  in  minimal  doses,  produces  a  copious  secretion  of  pan- 
creatic juice.  This  substance  is  termed  secretin.  It  is  associated  with 
another  substance  which  lowers  artei  ■  l-pressure.      The  two 

substances  are  not  identical,  since  acid  extracts  of  the  lower  end  of 
the  ileum  produce  a  lowering  of  blood -pressure,  but  have  no  excitatory 
iiilhieuee  on  the  pancreas. 

Secretin  is  split  off  from  a  precursor,  prosecretin,  which  is  present 
in  relatively  largo  amounts  in  the  duodenal  mucous  membrane,  and 
gradually  diminishes  as  wo  descend  the  intestine.  Pro-secretin  can 
be  dissolved  out  of  the  mucous  membrane  by  normal  saline  solution. 
It  has  no  influence  on  the  pancreatic  socrotion.  Secretin  can  he  split 
off  from  it  by  boiling  or  by  treatment  with  acid. 

What  Bocrotin  is  chemically  wo  do  not  yet  know.  It  is  soluble  in 
alcohol  and  other.  It  is  not  a  proteid,  but  probably  is  an  organic 
substance  of  low  molecular  weight.  It  is,  moreover,  the  same  sub- 
stance in  all  animals,  and  not  specific  to  different  kinds  of  animals. 

Whether  this  discovery  is  an  isolated  instance  of  chemical  sym- 
pathy between  different  organs,  or  whether  it  is  only  ono  of  a  class  of 
similar  mechanisms,  must  be  loft  to  tho  future.  It  certainly  shows 
>mo  revision  of,  or  addition  to,  Pawlow's  work  is  necessary.  In 
none  of  Pawlow's  experiments  on  the  pancreas  was  a  possible  expul- 
sion of  acid  from  the  stomach  into  the  duodenum  excluded. 


The  Succus  Enterlcus. 

Succus  entericus  has  been  obtained  free  from  other  secretions  by 
means  of  a  fistula  Thiry's  method  is  to  cut  the  intestine  across  in 
feWO  places;  the  loop  so  cut  out  is  still  supplied  with  blood  and 
nervoB,  as  us  i  ry  is  intact;  this  loop  is  emptied,  ono  end  is 
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sewn  up,  and  tho  other  stitched  to  tho  abdominal  wound,  and  ao  a 
cul-de-sac  from  which  tho  secretion  on   be  collected  is  mad'1 
Continuity  of  tf»  remainder  of  the  intestine  is  restored  by  fasten 
together  the  nppei  and  lowsa  portfons  of  the  bowel  from  which  the 
loop  has  been  removed.    Vella's  method  resembles  Thirv's.  exoe 
both  ends  of  the  loop  are  sutured  to  the  wound  in  the  abdomen.     Fig. 
399  illustrates  the  two  methods. 

The  succus  entericus  possesses  to  a  slight  ext«  "wer  of  con- 

'nivli  mto  sugar.     Its  host  known  action  is  due  to  a  ferment 
Milled  invertin,  which  inverts  saccharoses — that  is.it  converts  cam 
sugar  and  maltose  into  glucose.     Tho  original  use  of  the  term  "  inver- 
sion" has  been  explained  on  p.  380.    It  may  be  extended  to  ineli 
tho  similar  hydrolysis  of  othor  saccharoses,  although  there  may  be  no 


1.899.     Hujit»ii,  ofinUntlnallUtulj.     1.   I>  \   .M.,.niji»l  wall  ; 
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formation  of  lovo-rotatory  substances.     There  arc  probably  numerous 
inverting  ferments,  each  of  which  acts  on  a  different  saccharose. 

Tip  till  a  year  i»r  two  BgO  little  or  nothing  was  known  regarding 
the   action    of  the   intestinal  juice  beyond  this,  but  investi 
1  iul dished  quite  recently  have,  however,  altered  this  state  of  things, 
and  in  the  light  of  these  the  succus  entericus  appears  to  bo  a  juice  of 
tho  highest  importance. 

Pawlow  was  tho  first  to  show  that  one  of  its  main  actions  is  to 
reinforce  and  intensify  the  action  of  tho  pancreatic  juice,  especially 
in  reference  to  its  proteolytic  power.  Fresh  pancreatic  juice,  bee 
practically  no  digestive  power  on  proteids.  Claude  Bernard,  tin- 
earliest  to  study  the  pancreatic  secretion,  entirely  missed  its  farypl  Lb 
action.  On  standing,  the  juice  very  slowly  acquires  proteolytic 
activity.  Vernon  has  shown  that  much  tho  same  is  true  for  extracts 
of  tho  pancreas.  There  is  no  doubt  that  what  the  fresh  juice  con- 
tains is  trypsinogen,  and  this  is  slowly  transformed  into  tho  ad 
enzyme  trypsin. 
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If  fresh   pancreatic  and  intestinal  juices  arc  mixed  together,  the 
n-suli  in  ;i  powerful  proteolytie  mixture, though  neither  juice  by  i 
has  any  proteolytic  activity. 

Pawlow  speaks  of  the  substance  in  the  intestinal  juice  which  has 
this  action  as  a  "ferment  of  the  ferments,"  and  has  named  it  eniero- 
kintue.  It  mainly  reinforces  tryptic  activity,  hut  also  has  a  similar 
though  slighter  i.Ticrgising  inlhienco  on  the  fat-splitting  ferment. 

Starling  like  Pawlow,  worked  with  dogs,  and  baeoonfinted  his 

main  result  ft,  A  valuable  contribution  to- the  same  subject  has  also 
lieen  made  by  Hi!:. lunger.  Ho  has  had  tho  unusual  Opportunity  of 
examining  human  succus  entericug.  It  became  necessary  in  a  patient 
for  surgical  reasons  to  isolate  a  loop  of  the  small  intestine,  and  this 
loop  continued  to  discharge  intestinal  juice  to  the  exterior  for  some 
time  after  the  operation.  He  finds  that  this  juioe,  like  that  of  tho 
dog,  contains  a  substance  wliich  renders  pancreatic  juice  active  He 
not  Bad  mat  it  exercised  any  energising  mfinenoe  on  the 
fat- splitting  and  amylnlyik:  m  ments  of  tho  pancreas,  but  its  action 
OB  the  tryptic  ferment  was  most  marked.  His  quantitative  experi- 
ments do  not  bear  out  Pawlow'B  view  that  the  active  substance 
in  the  intestinal  juice  is  a  ferment,  for  it  is  unable  like  a  ferment  t<- 
act  on  an  unlimited  amount  of  pancreatic  juice.  Delezenne  also 
thinks  it  is  not  a  ferment,  but  compares  it  to  the  immune  body  or 
amboceptor  which  enables  hemolysins  to  become  effective  (see  p.  443). 
Starling  however,  supports  Pawluw's  view  ;  provided  sufficient  timo 

is  allowed  to  otapae,  a  wfl]  energitt  any  amount  of  pancreatic  juice. 

Anothor  discovery  in  c<  n  with  succus  entericus  has  been 

made  by  Otto  Cohnhcim.  The  juice  has  no  action  on  native  proteids 
like  fibrin  and  egg-white,*  but  it  acts  on  proteoses  and  peptone.  It 
capidl]  breaks  them  up  into  simpler  substances  of  which  ammonia, 
leucine,  tyrosine,  and  the  hexone  bases  have  been  identified.  Cohn- 
heim  has  named  the  ferment  to  which  ilnV.  is  due  erepsin.  Ham* 
burger  found  that  erepsin  is  also  present  in  the  human  juice;  it  is 
not  identical  with  enterokinase  because  erepsin  is  destroyed  by  heat- 
ing tho  juice  to  59  C.  for  three  hours;  enterokinase  is  not  destroyed 
until  tho  temperature  is  raised  to  67  0.  Other  observers  have  con- 
tinued the  discovery  of  erepsin,  but  have  found  that  it  or  a  similar 
ferment  is  present  in  most  tissues;  it  is  most  abundant  in  the 
kidney  (Venn.n). 

The  products  of  erepsin  action  are  not  discoverable  in  the  blood 

•  Cohnhcim  has  investigated  the  action  of  crensin  on  a  large  number  of  proteids  : 
it  acts  energetically  ou  proteoses,  peptone,  anil  protamines :  on  histone,  which 
OOcnpia  an  intermediate  pliu-c  between  protamines  ami  Hie  proteids  proper,  it  has  a 
slight  action.  On  the  proteids  proper  it  has  no  action,  with  the  single  exception  of 
rascinogcu.  which  ll  npiartlrj  broken  up  into  simple  IflllntlllllMl  this  opens  up  the 
ting  physiological  possibility  that  the  suckling  infant  is  able  to  digest  its 
proteid  nutriment  even  if  pepsin  and  trypsin  are  absent 
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or  lymph-stream;  they  mast  therefore  be  resynthesised  into  proteids 
during  the  process  of  absorption. 

The  bile,  as  we  shall  find,  has  little  or  no  digestive  action  by 
itself,  but  combined  with  pancreatic  juice  it  assists  the  latter  in  all 
its  actions.  This  is  truo  for  the  digestion  of  starch  and  of  proteid, 
but  most  markedly  so  for  the  digestion  of  fat.  Occlusion  of  the  bile- 
duct  by  a  gall-stone  or  by  inflammation  prevents  bilo  entering  tho 
duodenum.  Under  these  circumstances  the  faeces  contain  a  large 
amount  of  undigested  fat. 

The  importance  of  the  work  of  Pawlow,  and  the  other  jib  vir- 
ologists whose  names  have  been  mentioned,  arises  from  the  entirely 
new  light  thrown  upon  the  digestion  process  as  a  whole.  Wo  have 
beon  too  apt  to  think  of  the  occurrences  in  the  alimentary  canal  as  a 
series  of  isolated  phenomena.  We  now  see  that  not  only  is  thore  a 
beautiful  adjustment  in  the  quantity  and  composition  uf  the  various 
juices  to  the  kind  of  work  they  have  to  do,  but  each  step  follows  in 
an  orderly  manner  as  the  result  of  the  previous  steps.  For  example, 
the  acid  gastric  juice  reaches  the  small  intestine,  and  there  produces 
secretin  from  its  fororuuuor ;  tho  secretin  is  taken  by  the  blood-stream 
to  the  pancreas,  whore  it  excites  a  flow  of  pancreatic  juice ;  this  juice 
arrives  in  the  duodenum  ready  to  act  on  starchy  substances  and  00 
t :xt..  With  the  assistance  of  the  bilo  fatty  acid  is  liberated  which  in 
its  turn  forms  more  secretin,  and  n  more  pancreatic  JUIOO.  Tho 
pancreatic  juice,  however,  cannot  act  on  proteil-  without  ontuiokiiiase, 
which  is  supplied  by  the  succus  ontericus ;  •  this  sets  free  tho  trypsin  ; 
and  trypsin  effectively  carries  out  digestive  proteolysis. 

Bacterial  Action. 

The  gastric  juice  is  an  antiseptic;   the   panereatie  juioe 
An  alkaline  fluid  Like  pancreatic  juice  is  just  the  most  suitable  me 
for  bactoria  to  flourish  in.     Even  in  an  artificial  digesti"n  the  fioid 
is  very  soon  putrid,  unless  special  precautions  to  exclude  or  kill 
bactoria  are    taken.     It  is   often    difficult    to  say  where   pane 
Mtaon  ends  and  bacterial  action  begins,  as  many  of  the  bacteria  that 
in   the  intestinal  contents  (having  reached   that  situation  in 
spite  of  the  gastric  juice)  act  in  the  same  way  as  the  pancreatic  juice. 
Some  form  sugar  from  starch,  others  peptone,  loucine,  and  tyi 
from  protoids,  while  others,  again,  break  up  fats.     There  are,  how- 
ever, certain  actions  that  are  entirely  due  to  thoso  putrefactivo 
organisms, 

i.  On  carbohydrates.     The  moat  frequent  fermentation  they  sot 

*  The  mixture  of  pancreatic  and  intestinal  juice  is  extraordinarily  powerful. 
If  secretin  is  administered  to  a  fasting  animal  the  juice  secreted,  having  no  loud  to 
act  upon,  wiU  pro  luc  D  I  iiiiliiiuinatiori  of  the  intestinal  wall.     i. Stirling.) 
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up  i.s  Lhi  fermentation:  this  may  go  further  and  resul, 

the  I'm  mat  i-.:i  .f  carbonic  acid,  hydrogen,  and  butyric  acid  (seo  p. 

1 1    OsUuloea  is  broken  up  into  carbonic  acid  b  This 

is  the  chief  cause  of  the  gases  in  the  in!  lie  Amount  of  which 

is  increased  by  vegotablo  food, 

ii.  On  rate,  In  addition  to  acting  like  Bteapsin,  they  produce 
lower  Hi.iil.s  < vi i  ,  etc.).    The  formation  of  acid  product! 

from  fata  rod  carbohydrates  gives  to  the  intestinal  contents  an  add 
reaction.     Recent  researches  show  that  the  contents  of  the  intest. 
become  acid  much  higher  up  Mian  was  formerly  supposed.     Organic 
acids  do  not.  however,  binder  pancreatic  digeetii  u. 

in    i>i  [m     i-iils      Fatty  acids  and  amino-acids,  especially  lam 
and  tyrosine,  are  produced;  hut  these  putrefactive  organisms  have  a 

•'  ial  action  in  addition,  producing  substances  having  an  evil  odour, 
like  indole  (<\H:N>  skatole  (C,H«N).  and  phonol  (Clli))  There 
are  also  gaseous  products  in  some  cases. 

If  excessive,  putrefactive  processes  are  harmful ;  if  within  normal 
limits,  they  are  useful,  helping  the  pancreatic  juico,  and,  further, 
preventing  khoentranoe  into  the  bodj  of  poisonous  producta    It  is 

poasible  that,  in  digestion,  poi  alkaloid*!  are  farmed.     Certainly 

i  ,  in  one  wtill-kniiwii  case.  lecithin,  a  matorial  contained  in 
sinall  quantities  in  many  foods,  and  In  large  quantities  in  egg-yolk 
and  brain,  is  broken  up  by  the  pancreatic  juice  into  glycerin, 
phosphoric  acid,  fatty  acid,  and  an  alkaloid  called  choline.  V.  e 
are,  however,  protected  from  the  prisonous  acti  line  by  the 

bacteria,  which  break  it  up  into  Baroonifl  acid,  methane,  and  ammonia. 

Leucine  and  Tyrosine. 

UMBO  two  substances  have  been  frequently  mentioned  in  the 
pre.  ages.     They  are  important  as  types  of  the  simpler  deeom- 

of  proteids. 

Ihej  belong  to  the  group  of  amino  acids.  On  p.  393  we  have 
given  a  list  of  the  fatty  acids;  if  wo  roplaco  one  of  the  hydrogen 
atoms  in  a  fatty  acid  bj  the  amia  i-group  (NH,.),  we  obtain  what  is 
sailed  an  ronno-aoid.    Take  acetic  a  Ii  &L.COOH; 

ceplaoe  one  H  by  NH,,  and  wo  get  CH  '11.  which  is  amino- 

acetic  acid,  or  glycine.     If  we  take  oap  I — a  term  a  little  hi;, 

in  the  series— its  formula  is  C4H„.(JOOH ;  amim.-raproic  acid  is 
O^H  OOH,  which   is  also  called  leucine. 

m  t  lie  way  in  which  tho  amino-group  is  linked,  a  large 
uumlier  of  isomeric  ami  ici  acids,  all  with  the  same  empirical 

formula,  are  theoretically  possible.  Some  of  these  havo  been  actu- 
ally prepared  in  the  laboratory;  and  chemical  research  has  shown 
that  the  amino-caproic  acid  called   leucine  formed    during   diges- 
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lion  should    be  raoro  accurately  named  a-amino-iaobutylacetic  acid 
(CH,),CH.CHrCH( N H  )COOH. 

Tyrosine  is  a  little  more  complicated,  as  it  is  not  only  an  amino- 
acid,  but  also  contains  an  aromatic  radicle  Propionic  add  lias  the 
formula  C.,H5.COQH ;  amino-propionic  acid  is  CxH4.NHrCOOH,  and 
is  called  alanin*.  If  another  H  in  this  is  replaced  by  oxyphenvl 
(C8H4.OH),  wo  got  CiH3.NIL.OcH<OH.(;OOH,  which  is  oxjphonyl- 
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amino -propionic  acid,  or  tyrosine.  Leucine  and  tyrosine  are  both 
crystalline ;  the  former  crystallises  iu  the  form  of  spheroidal  clumps 
of  crystals,  the  latter  in  collections  of  fine  silken  needles  (fig.  400). 

Polyi>eptldeB.     I'..   I'isi  l\.r  bag  shown   that  in   the  cleavage  of  tin-   proteid 
molecule  (in   intermediate  st;ige  in  the  formal  nui  of  individual  nniiun-jieid'.  is   Ilia: 
K-  polypeptides,  which  are  conjugated  groups  of  such  acids.     Thus,  he  has 
•ntod    OOt,    iinwii;    others.    leucyl-leurine.    jflyrj  I -leucine,   ^hcyl-a-spum, 
nlanyl-glycyl-leuehie.     He  lias  also  lUCOOadcd  in  inni. ;  Of  these  synthcti- 

.  ;ill\ ,  and  so  tin-re  h  some  promise  in  the  future  of  a  synthesis  of  the  proteM 
molri-iili-  itself. 

Extirpation  of  the  Pancreas. 

Complete  removal  of  the  pancreas  in  animals  and  diseases  of  the 
pancreas  in  man  produce  a  condition  of  diabetes,  in  addition  to  the 
loss  of  pancreatic  action  in  the  intestines.  Grafting  the  pancreas 
from  another  animal  into  the  abdomen  of  the  animal  from  which  the 
pancreas  has  been  removed  relieves  the  diabetic  condition. 

How  the  pancreas  acts  other  than  in  producing  the  pancreatic 
juice  is  not  known.  It  must,  however,  have  othor  functions  related 
to  the  general  metabolic  phenomena  ol  the  body,  winch  are  disturbed 
by  removal  or  disease  of  the  gland.  This  is  an  illustration  of  a 
universal  truth — viz.,  that  each  part  of  the  body  does  not  merely  do 
its  own  special  work,  but  is  concerned  in  the  great  cycle  of  changes 
which  is  called  general  metabolism.     Interference  with  any  organ 
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upsets  not  only  its  specific  function,  but  causes  disturbances  thr. 
tho  body  generally.  Tho  intordnpendenco  of  the  circulatory  and 
respiratory  systems  is  a  well-known  instance.  Removal  of  the  thyroid 
gland  upsets  the  whole  body,  producing  widespread  changes  known  as 
uiyxueduuia.  Removal  of  the  testis  produces  not  only  a  loss  of  the 
spermatic  secretion,  but  changes  the  wholo  growth  and  appoaranco  of 
the  animal.     Removal  of  the  DfP  of  tho  kidnoys  produces 

rapid  wastinj  and  ilio  breaking  down  of  the  tissues  to  form  an 
increased  quantity  of  urea.  Tho  precise  way  in  which  these  glands 
are  related  to  tho  general  body  processes  is,  however,  a  subject  of 
which  we  know  as  yet  very  little.  The  theory  at  present  most  in 
favour  is  that  certain  glands  produce  an  internal  secretion,  which 
leaves  them  vui  the  lymph,  and  is  then  distributed  to  minister  to 
pasta  elsewhere.  Tho  question  of  tho  internal  secretions  of  tho 
thyroid  and  suprarenal  capsules  is  discussed  in  Chap.  XXIII.  In 
the  ease  of  tho  pancreas,  Schsifer  has  propounded  the  theory  that  its 
internal  secretion,  stoppage  of  wlii-  h  in  some  way  leads  to  diabetes, 
is  produced  in  the  islets  of  epithelium-like  cells  scattered  through 
the  connective  tissue  of  the  organ  (aeo  fig.  398,  p.  491). 

Doubt  Is  cast  upon  ttx  above  hypol  icerntag  the  function  of  tbi  i 

lit'  I  .anger-linns  "  by  some  nvrnt  work  of  Dale's.      1 1*-  showed  lli.n    the  number  of 

-  Increases  witii  dt  then  at  phases,  hi  ti»  -y  of  the 

secreting  cells,  .-md  con  ll   they  K|  of  extWBM  eshaustimi 

of  these  cells.    In  the  feds!  [wiii'iwii.  -ill  Hie  colli  have  the  eppeazance  of 

••••lis.  .Hid  >i>  it  !••  prnhuhlc  thai  "1  the  -tiinit  the  I  >rct  their  pi opecUm* and 

nit  alveolar  arrangement,  and  with    h     th<  il  secretory  activity. 

Adaptation  of  tho  PancrsM— (In  p.   491  BOfQC  Instances  an  jriw-n  »f  the 

t tower  of  tli •  pam  reas  to  adapt  it  to  thfl  needs  of  digestion.     Bainbridgc 

las  shown  that  in  certain  eases  this  is  dour  bj  a  chemical  messenger;  the  ; 
creatlc  jntcc  of  a  dog  norrn.iii\  contains  no  Ferment  (lactase)  capable  a  hydroKshig 
milk-sugar  into  dexlrosc  and  galactose,  hut  a  dog  fed  for  some  tunc  on  milk  has 
lactase  in  its  imnereatie  juice.     This  is  due  to  the  milk-sugar  actio .-  i  n  the  mi<  lUnal 
mucous  membrane  in    >•  h  a  way  as  to  produce  soim  i  material,  which  is 

taken  hy  the  blood  to  tin-  i  unr  lS,  when  H  BXdtH  tin-  ..■•  r.  ;  i- -n  "I  this  unusual 
en*ymc:  for  if  one  injects  an  extract  of  th<  lntestiii.il  memhratu  of  n  niilk-fcddog 
into  ■  noniml  dog,  trie  letter  animal  immediately  mem  ••  in  its   |«ner- 

jukv. 


i-». .  w\  —Tii.-  mi  ■  r  -ii r .. .  tll-bUdder;  ■.  J>.,  common  Mt»  i        iie]»tlo 

!  nlin  nfiUelil;  u  i-.,  IjI  nlin  rj  ; 
nu;  e.  v.,  umbilical  vni-..  nit*.) 


t.liH  vtma  cava  inferior  l>y  the  hepatic  veins.  Its  BecretSoD,  the  W«,  is 
conveyed  from  it  by  the  hepatic  duct,  either  directly  into  the  intestine, 
or,  when  dilation  is  not  going  on,  into  the  cystic  duct,  and  thence 
into  the  gall-bladder,  whore  it  accumulates  until  required.  The 
portal  vein,  hepatic  U  tin y,  an .]  hepatic  duct  branofa  together  thn 
out  the  li\iM,  while  I lui  lir|i;i!i.-  veins  and  thoir  tributaries  run  liv 
themselves. 

On  the  outside,  the  liver  has  an  incomplete  covering  of  peritoneum, 
and  beneath  this  is  a  very  fine  coat  of  areolar  tissue,  continuous  over 

MM 
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ths  whole  Bnrfao        the  organ.     '  ickeei  wlioro  the  poritoneum 

ia  absent,  and  m  the  general  surface  of  the  Liver  wit  It 

the  fine  and,  in  the  human  subject,  almost  imperceptible  areolar  tissue 
investing  the  lobules.  Air  the  brans- 
wee  fissure  it  in  the 
areola i  investment  called  Glisson's 
capsule,  which,  siirnuiriding  the 
portal  vein,  hepatic  artery  and 
hepatic  duct,  accompanies  them  in 
their  branching  through  the  sub- 
stance of  the  liver. 

Structure. — The  liver  fa  in  origin 
a  tubular  gland,  hut  as  development 

progresses  it  soon  loses  all  resemblance  to  the  tubular  glands  found 
elsewhere.  It  is  made  up  of  small  roundish  or  oval  portions  calh-d 
lobules,  each  nf  which  is  about  ,V  °f  an  mc^  (about  1  mm.)  in  dia- 
meter, : nosed  of  the  liver  cells,  between  which  the  blood- 
vessels and  bilo-vessels  ramify. 
Tho  b  (fig.  406), 
which  form  tho  glandular  or 
secreting  part  of  the  liver,  are 
*if  a  spheroidal  form,  somewhat 
polygonal  from  mutual  pres- 
sure, about  a  ^  to  in'0D  inch 
(about  3\r  to  -,V  mm.)  in  dia- 
meter, possessing  a  nucleus, 
sometimes  two.  The  coll 
stance,  composed  of  protoplasm, 
contains  numerous  fatty  par- 
ticles, as  well  as  a  variable 
amount  of  glycogen.  The  cells 
sometimes  exhibit  slow  amoe- 
boid  movements.  Thoy  are 
held  together  by  a  vory  deli- 
cate sustontacular  tissue,  con- 
tinuous with  the  inter-lobular 
connective  tissue. 

To  understand  the  distri- 
m  of  the  blood-vessels  in 
tho  liver,  it  will  be  well  to 
trace,  first,  tho  two  blood- 
vessels and  the  duct  which  enter  the  organ  on  the  under  surface  at 
the  ;  me  fissure,  \  iz .,  the  portal  voin,  hepatic  artery, and  hepatic 

duet     As  liefore  remarked,  all  three  run  in  company.and  their appear- 
anoe  on  longitudinal  section  is  shown  in  fig.  403.     Running  together 
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Fia    KM      !.-  i:.-:iii.|i!ial  xrii'jri  of  a  portal  canal,  eon* 
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i    vena    purta*. 

<rd  In  ■  imrul  '-anal  amnngxl  tlie  lobnle*  of 

Hit  liver;  /,  I,  aa  :  ifl    vaginal   bra: 

tlirrr>  ar*  imo  aern  witlim  th«  Unjw  |M,rt*l  %*|.n 

riOcaaat  t!ie  >mallc*t  interlobular  v*iu« 

•riling  •llrrctl  v  from  tc :  a,  bvjisUa  uwry ;  d,  Ul« 

..    (Klnman.) 
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through  tho  substance  of  the  liver,  they  are  contained  in  small  channels 
called  portal  canals,  their  immediate  investment  lioing  a  sheath  of 
areolar  tissue  continuous  with  Glisson's  capsula 

To  take  the  distribution  of  the  portal  vein  first:— In  its  courso 
through  tho  livor  this  vossol  gives  off  small  branches  whidh  divide 
ami  mbdiride  beliceen  the  lobules  surrounding  them  and  limiting 
them,  and  from  this  circumstance  called  tTiter-lobular  veins.  From 
these  vessels  a  dense  capill  is  prolonged  into  the  substance 

of  the  lobule,  and  this  network  converges  to  a  single  email 
occupying  the  centre  of  the  lobule,  and  hence  called  infra-tabular. 
This  arrangement  is  well  seen  in  fig.  404, 
which  represents  a  section  of  a  small  piece 
of  an  injected  liver. 

Tho  small  tnira-lobular  veins  discharge 
their  contents  into  veins  called  cruo-lohular 
(k  h  h,  fig.  405) ;  while  these,  again,  by  t  b 
union,  form  the  main  branches  of  the  ficj* 
veins,  which  leave  the  posterior  border  of 
tho  liver  to  end  by  two  or  three  principal 
trunks  in  the  inferior  vena  cava,  just  beforo 
its  passage  through  tho  diaphragm.  The 
sub-bbular  and  hepatic  veins,  unlike  the 
portal  vein  and  its  companions,  have  tittle 
or  no  areolar  tissue  around  them,  and  their 
coats  aro  very  thin. 

The  hepatic  artery,  the  chief  function  of 
which  is  to  distribute  blood  for  nutrition 
to  Glisson's  capsule,  the  walls  of  the  ducts 
and  blood-vessels,  and  other  parts  of  the 
liver,  is  distributed  in  a  very  similar  manner 
to  the  portal  vein,  its  blood  being  returned 

small  branches  which  pass  into  the  capillary  plexus  of  tho  lobule* 
which  connects  tho  inter-  and  in£ra-lobular  van 

Tho  hepatic  duct  divides  anil  siiMivides  in  a  manner  very  like  that 
of  the  portal  vein  and  hepatic  artery,  tho  larger  branches  boing  lined 
by  columnar,  nnd  tho  smaller  by  small  polygonal  epithelium. 

The  bile-caplllariee  commence  between  the  hepatic  colls,  ami 
bounded   by  a  delicate  membranous  wall   of  their  own.    They  are 
always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
from  the  nearest  blood-capillarv  bv  at  least  the  breadth  of  one  cell 
(figs.  406  and  407). 

To  demonstrate  the  intercellular  network  of  bile  capillaries, 
Chrzonszezewsky  employed  a  method  of  natural  injection.  A 
saturated  aqueous  solution  of  sulph-indigotate  of  soda  is  introduced 
into  the  circulation  of  dogs  and  pigs  by  the  jugular  vein. 
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animala  ate  killed  an  b  urandabalf  afterwar 

washed  free  from  Mood,  or  injected  with  gelatin  stained  with  tannine. 
The  bile-ducts  are  then  seen  filled  with  hlue,  ami  the  blood-vessels 


i"i'  lc  culln  »nd  Ml  t<t  months  old.    Both  fipxm* 

rough  thi»  p 
Hip  li] 

laime»ll»U  |  li  which  at  ..I  colli  of  th«  blUny  ilncU,  to  »i, .■:)>,  it  tl 

!•' 

with  tod  material.  If  the  animals  are  killod  sooner  than  this,  the 
pigment  is  bond  within  the  hepatic  cells,  thus  demonstrating:  it  was 
through  their  agency  that  the  oanals  were  fdlod. 

PBttgM    and    Knplfer   have   since    this    shown   that   the   relation 


Pm.  Ut*.-  Sk«*t«lir«  IllwitnttJiiK   th-  i  .ho  liror- 

o-lU  (ilMiterihaln,atlrr  K  .     A,  nlMl'i  llrer,  Injected  fr.in  1i-jmiUc  duct  uilh  BrTUn  Mo*. 

Tlw  IntncelluUur  conoid  Mtntt*  Into  Hie  Uvfir-colU,  orel  Uian- 

llasto  In  VMUolo-lllw  onlorinMninU.     B,  fruu  ■  Uver  naturally  luji  ■ uIi>b-lri<Hjp.'UW  of 

dmnoronpooiaaoo  ',»■  bUtoiod,  liiit  the  eiimmiinicotiri,:  twiinore  romlflM. 

between  the  hepatic  cells  and  the  hile-canaliculi  is  even  more 
intimate,  for  fliev  havo  demonstrated  the  existence  of  vacuoles  in  the 
cells  rnmmun;  y  minute  intracellular  i  tunnels  withthe  adjoin- 

ing   hile-canaliculi    (fig.    408).     Tt    is   important   to  notice   th;it    the 
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■iin.ilii  uli  are always  separated  by  at  least  a  portion  of  a  mil  from 
the  nearest  blood -capillaries,  and  tliat  the  formation  nf  bile  is  no  mere 
transudation  from  the  blood  or  lymph.  The  liver-cells  take  certain 
materials  from  the  plasma  and  elaborate  the  constituents  of  the  bile, 
the-  bile-salts  and  the  bile  pigments.  There  can  be  no  doubt  that 
these  substances  are  formed  by  the  hepatic  cells,  for  they  are  not 
found  in  the  blood  nor  in  any  other  organ  or  tiBsuo ;  and  after  extirpa- 
tion of  the  liver  they  do  not  accumulate  in  the  blood. 

Intracellular  canaliculi  in  the  liver-cells  are  not  miiqua  Recent 
research  by  Golgi's  method  has  shown  that  in  the  salivary  and 
gastric  glands,  and  in  the  pancreas,  there  is  a  similar  condition 
of  affairs. 

Schafer  states   that  the  liver-cells  contain  not  only  the  intra- 

nlar  hile-canaliculi,  but  also  intracelh;  "d-canaliculi  passing 

off  from  the  capillaries  between  the  cells.     These  are  too  minute  to 
admit  hi"  »'d -corpuscles. 

The  Gall  bladder  (c.  r,  fig.  101)  is  a  pyriforra  lag,  attached  bo 
tho  under  surface  of  the  liver,  and  supported  also  by  the  peritoneum, 
which  passes  below  it.  The  larger  end,  or  fundus,  projects  beyond 
the  front  margin  of  the  liver;  while  the  smaller  end  contracts  into 
the  cystic  duct.  Its  wall  is  constructed  of  throe  coats.  (1)  Extornally 
(excepting  that  part  which  is  in  contact  with  the  livor)  is  tho  serous 
coat,  which  has  tho  same  structure  as  the  peritoneum  with  which  it  is 
continuous.  Within  this  is  (2)  the  fibrous  or  areolar  00  ar,,  with  which 
is  mingled  a  considerable  number  of  plain  muscular  fibres,  both 
longitudinal  and  circular.  (3)  Internally  the  gall-bladder  is  lined  by 
mucous  membrane  and  a  layer  of  columnar  epithelium.  The  surface 
of  the  mucous  membrane  prcscntB  to  the  naked  eye  a  minui 
booeyoombod  appearance  from  a  number  of  tiny  polygonal  depressions 
with  intervening  ridges,  by  which  its  surface  is  mapped  out.  In  the 
cystic  duct  the  raucous  membrane  is  raised  up  in  tho  form  of  OTOBOI  I 
folds,  which  together  appear  like  a  spiral  valve,  and  which  assist  the 
gall-bladder  in  retaining  the  bile  during  the  in  -f  digestion. 

The  gall-bladder  and  all  the  main  biliary  ducts  are  provided  with 
mucous  glands,  which  open  on  the  internal  surface. 


Functions  of  the  Liver. 


The  functions  of  the  liver  are  connected  with  the  general  meta- 
bolism of  the  body,  especially  in  connection  with  the  metabolism  of 
carUmydrates  (ulycogenic  function);  and  in  connection  with  the 
metabolism  of  nitrogenous  material  (formation  of  urea  and  uric  acid). 
This  second  function  we  shall  discuss  with  the  urine.  Tho  third 
function  is  the  formation  of  bile,  which  must  very  largely  be  regarded 

i   subsidiary  one.  bilo  containing  the  waste  products  of  the  liver. 


Bile  is  tlie  secretion  of  the  liver  which  is  poured  into  the  duo- 
den  n  in  :  it  has  been  collected  in  living  animals  by  means  of  a  biliary 
la ;  the  same  operation  has  occasionally  been  performed  in  human 
After  deatli  the  gall-bladder  yields  a  good  supply  of  bile 
which  is  more  concentrated  than  that  obtained  from  a  fistula. 

Bile  i»  bein  rcuoaaly  poured  into  the  Enteetine,  but  feb 

is  an  taoneaeod  discharge  immeiliately  on  the  arrival  of  food  in  I 
duodenum ,  then  Efl  a  MOODd  increase  in  secretion  a  few  hours  later. 

Though  the  chief  blood  supply  of  the  liver  is  by  a  vein  (the 
portal  viiin,  the  amount  of  blood  in  the  liver  varies  with  its  needs, 
iwing  increased  during  the  periods  of  digestion.  This  is  due  to  the 
fact   Unit  in    t!;>:  area   from  which   the  portal   vein  collects  blood — 

;  iaeh,    intestine,    spleen,    and    pancreas  —  the   arterioles  are   all 

dilated,  and   the  eapulariea  are  thus  gorged   with   blood.     Further, 

active  peristalsis  of  the  intestine  and  the  pumping  action  of 

the  spleen  are  additional  factors  in  driving  more  blood  onwards  to 

tbo  liver. 

The  hilo  lieing  secreted  from  the  portal  blood  is  secreted  at  much 
lotrot  pressure  than  one  finds  in  glands  such  as  the  salivary  glands. 
blood  8U]»ply  of  which  in  arterial.  Heidenhain  found  that  the 
pressure  in  thf  bile  du&l  of  the  dog  averages  16  BUD  oi  mercury, 
which  is  irnarly  double  that  in  the  portal  vein.  This  fact  is  Of  con- 
siderable Importance,  as  it  illustrates  the  general  truth  that  secret 
is  not  mere  process  of  passive  filtration,  hut  that  the  cells  exercise 
secretory  force. 

The  second  increase  in  the  flow  of  bflfl  that  which  incurs  some 
hours  after  the  arrival  of  the  semi-digested  food  (chyme)  in  the 
interline— appears  to  be  dun  to  the  effect  of  the  digestive  products 
oarried  by  Hie  blood  to  the  liver,  stimulating  the  hepatic  cells  to 
itivity:  this  is  supported  by  the  fact  that  proteid  food  increases 
the  quantity  of  bile  secreted,  whereas  fatty  food  which  is  absorbed, 
not  by  the  portal  vein,  but  by  the  lacteals,  has  no  such  effect, 

The  chemical  process  by  which  the  constituents  of  the  bile  are 
formed  is  obscure.  We,  however,  know  that  the  biliary  pigment  is 
produced  by  the  decomposition  of  hjemoglobin.      Bilirubin    is,  in  f.ict., 

identical  with  the  iron-fres  derivative  of  tunnoglobni  called  homa- 

r.'iilin,  '.slnrli  [fl  found  io  the  form  of  crystals  in  old  blood -cloti  such 

as  occur  in  the  brain  after  oecebral  lu  mon-hage  (see  p.  431). 

An  i:ij<  <  lion  of  haemoglobin  Into  the  portal  vein  or  of  substances 

like  water  which  liberate  hemoglobin  from  the  red  blood-corpuscles 

an  increase  of  bile  pigment.     If  the  spleen  takes  any  part 


OH.  xxxm. ] 


THR   B1I.K 


in  tho  elaboration  of  hi",     pig]  unt.it  does  not  proceed  so  far  as  to 
liberate  haemoglobin  from  tl  isoles.      No  free  bomoglohin  is 

discovarablo  in  the  blood  plasma  in  the  splenic  vein. 

The  amount  of  bile  secreted  is  differently  estimated  by  different 
observers;  the  amount  secreted  daily  in  man  varies  from  500  c.c.  to 
a  litre  (1000  c.c). 

The  constituents  of  the  bile  are  the  bilo  salts  proper  (tauro- 
cholate  and  glycocholate  of  soda),  the  bile  pigments  (bilirubin. 
biliverdin),  a  inucinoid  substance,  small  quantities  of  fatB,  snips, 
cholesterin,  lecithin,  urea,  and  mineral  salts,  of  which  sodium  chloride 
and  the  phosphates  of  iron,  calcium,  and  magnesium  are  the  most 
important. 

Bile  is  a  yellowish,  reddish-brown,  or  green  fluid,  according  to 
relativo  preponderance  of  its  two  chief  pigments.     It  has  a  musk-liko 
odour,  a  bitter-sweet  taste,  and  a  neutral  OS  faintly  alkaline  reaction. 

Tho  specific  gravity  of  human  bile  from  the  gall-bladder  is  1026 
to  1032;  that  from  a  "fistula,  1010  to  1011.  Tho  greater  concentra- 
tion of  gall-bladder  bile  is  partly  but  not  wholly  explained  by  the 
addition  to  it  from  tho  walls  of  that  cavity  of  the  mucinoid  material 
it  secretes. 

The  amount  of  solids  in  bladder  bile  is  from  9  to  14  per  cent 

nl.i.  bile  from  15  to  3  percent.  Tin-,  following  table  shows  that  this 
low  jtoreentageof  8oliiisi.-i.i!ni'i;-i  ml  nulyduoto  want  of  bilo  sal ts.  1 
can  lie  accom  Led  for  in  the  way  first  suggested  by  SohifF—  that  there 
is  normally  a  bile  circulation  going  on  in  bite  body, a  large  quantity 
of  the  bile  salts  that  pass  into  the  intestine  being  first  split  up,  then 
reabsorbed  and  again  secreted  Such  a  circulation  would  obviously 
be  impossible  in  cases  where  all  tho  bile  is  discharged  to  the  exterior. 

The  following  table  gives  BOOBO  important  analyses  of  human  bile: — 


niiwimwin 

Ublle 

(llKfclt 

CorwniAD  aaJ 
WIojiUxO. 

FUUiU  Uk  (caw 
..r  rancor.     T«o 
awl  llerrouti). 

(Krwleh.). 

Sodium  glycocholate 
Sodium  taurocholute 
Cholesterin,  lecithin,  fat  . 
Mucinoid  material    .        .  ' 
Pigment  .... 
Inorganic  salts 

0-0990 
0*11 

0-0, 

mo 

I      I 

ODJfi 

J        0-149 
0-878 

J         loll 
2-98 

Total  solids       ...             I  -4230 
Water  (by  difference)                   88-5570 

1  *  1 

08-7W 

1408 
85-92 

1001 

100-000 

100-00 
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Bile  Mucin. — Thoro  has  baen  consi  diversity  of  opi: 

as  to  w)  1I0  mucin  is  really  D  The  most  recent  work  in 

Haimnarsten's  laboratory  shows  that  differences  occur  in  different 
animals.  Thus  in  tha  ox  there  is  very  little  true  mucin,  but  a  great 
amount  of  nucleo- protein1 ;  in  human  bile,  on  the  other  hand,  there 
ia  very  little  if  any  nucleo-proteid ;  the  mucinoid  material  present 
there  is  really  mucin. 

The  Bile  Salts. — Tho  bile  contains  the  sodium  salts  of  complex 
amino-acids  called  the  bile  acids.  The  two  acids  most  frequently 
found  are  glycocholic  and  taurocbolic  acids.  The  former  is  the  more 
abundant  in  tho  bile  of  man  and  herbivora;  the  latter  in  caniivni 
animals,  like  the  dog.  Tha  most  important  difference  between  the 
two  acids  is  that  taurocholic  acid  contains  sulphur,  and  glycocholic 
acid  does  not. 

Glycocholic  acid  (C^Hl:,NO„)  is  by  tho  action  of  dilute  acids  and 
alkalis,  and  also  in  the  intestine,  hydrolysod  and  split  into  glycine  or 
amino-acetic  acid  and  cholalic  acid. 

I      +    HO  <    MM)     -     i      il  ..... 

[Oljreycbui..  <.:■■  .t-.|  !Cko]*]fe*ciJ.| 

The  glycoch«lat>-  if  soda  lias  the  formula  C^H^NaNO,,. 
Taurocholic  acid  ((JWI I  i  similarly  splits  into  taurine  or 

aimno-isethionic  acid  and  cholalic  acid. 

C,CH    \O.S   +    H,0        OILNOuS    •    <     If ... 

iTmirtiw.J  lChol»Uc  *clij 

The  taurocholate  of  soda  has  the  formula  I   ,H,,N 
riiii  i-nioBt  reaction  naUnd  PtrttnnlroifYtrti  ronottfirij  in  due  to  the 
presence  of  cholalic  acid.     Small  quantities  of  cane  sugar  and  Strong 
sulphuric  acid  are  added  to  the  bile.     The  sulphuric  acid  acting  on 

au^ar  forms  a  small  quantity  of  a  substance  called  furfuraldchydc. 
addition   to  other  pro  huts.      The   furfuruklehyde   gives  a  brilliant 
purple  colour  with  cholalic  aeM. 

The  Bile  Pigments — The  tWO  chief  lulu  pigments  are  bilirubin 
,imi  hill-, culm.  Bile  which  contains  chiefly  the  former  (such  as  dl 
bile)  Lb  of  a  i  olden  or  orange-yellow'  colour,  while  the  bile  of  man) 
harbivora,  whli  b.  <■■  attains  i  hicih  biliverdin,  is  either  green  or  bluish- 
green.  Human  bila  is  generally  described  U  containing  chiefly 
bilirubin,  but  thure  liave  been  some  cases  descril Mid  in  which  biliverdin 
was  in  excess.  The  bile  pigments  show  no  absorption  bands  v. 
the  spectroscope ;  their  ODglO  from  thy  hluod  pigment  has  already 
been  stated. 

Bilirubin  has  the  formula  OmH1sN203:  it  is  thus  an  iron-free 
derivative  of  haemoglobin.     The  iron  i.s  apparently  Stored   Dp  in  tho 

liver  cells,  perhaps  i"i  Future  tun  in  the  manufacture  of  new  ha-mo- 

globin.     The  bile  contains  only  a  braes  of  iron. 


BUlverdin  I 

moM  tit  t n  in  bilirubin):    it  rosy  OOOUT  as  such  iu   hi 
formed  by  simply  wrjmiug  rod  bilo  to  the  oxidising  action  d   the 
atmosphere ;  or  it  may  ba  formed  as  in  Gmelin's  teat  by  the  more 
vigorous  iiK'ui :itii..ji  produced  by  fuming  nitric  if 

Gmelin's  test  consists  in  a  play  of  colours — green,  blue,  red, 
finally  yellow,  produced  by  the  oxidising  action  of  turning  nitric  acid 
(that  is,  nitric  acid  containing  nitrous  acid  in  solution).     The  end  ox 
v  product  is  called  choletdin,  C,«,H 

Hydrobillrubin. — If  a  solution  01  buixubu]  ox  bilirerdiD  in  dilute 
alkali  is  treated  with  sodium  amalgam  or  allowed  to  putrefy,  a 
brownish  pigment,  which  is  a  reduction  product,  is  formed  called 
bilirubin,  Cj.,UloN40:.  With  the  spectroscope  it  shows  a  dark 
absorption  band  between  b  and  F,  and  a  fainter  band  in  the  region 
of  the  I)  line. 

This  substance  is  intSXOrtmfl  l-ucauso  a  similar  substance  is  formed 
from  tho  bile  pigment  by  reduction  pr 
cesses  in  the  intestine,  and  constitutes 
sttrcobilin,  the  pigment  of  tho  | 

is  absorbed  ami  ultimately 
leaves  the  body  In  the  urine  en  a 
its  pigments  called  urobilin.  A  0X0*23 
quantity  of  urobilin  is  SOXOAtilDns  found 
preformod  in  the  bile.  The  identity  of 
tin  and  Bteroobilifl  has  been  fre- 
quentij  disputed  nrozk 

Dt  (iarrodand  Hopkiosbss  I 
tho  old  statement    that    they  ON 
same  substance  with  different  names, 
llyilrobilirubin    difl'ers    from    urobilin 
in  containing  more  nitrogen  in  its  molecule  (l)  2  instead  of  41  per 
cent.). 

Cholesterin. — This  BUD  only  in  bile,  but 

very  Largely   m  nervous  tissues.    Like   lecithin,  it  is  on  abundant 
roii-iii.ihiit  of  the  white  subel  moe  of  Sohwai  :  found  also  in 

blood-OOXpUBOlea      In  bile  it  U   normally  present  in  small  quantities 
.  but  it  may  0O0UX  in  excess,  and  form  the  concretions  known  as 

gall-stones,  which  are  usually  more  or  less  titiged  with  bilirubin. 
though  Us  odubilitdes remind  one  of  a  fat,  cholesterin  is  ool  ■ 

fat.     It  is,  in  fact,  chemically  speaking,  a  in  sloohoL     Its 

HO. 
From  alcohol  or  ether  containing  water  it  crystallises  in  the  form 
mbic  tables,  whioh  contain  one  molecule  of  water  of  crystal- 

Ii-iiioii:    these  are    easily   recognised   under    the   microscupe  (see 

tig.  409). 


, 


1 1  gives  the  following  colour  tests: — 

1.  Heated  '.villi  sulphuric  acid  ami  water  (5  :  1),  the  edges  of 
i  ofa  turn  i 

2.  A  solution  Of  clu>le$U;riii  in  ehloruforin,  shaken  with  an  equal 
amount  of  concentrated  sulphuric  aciil,  turns  red,  ami  ultimate 
purple,  the  subjacent  acid  acquiring  a  green  fluorescence,    (Salk 
reaction.) 

"  The  mode  of  origin  of  eholesterin  in  the  body  lias  n 
clearly  made  out.     V.  it  ia  formed  in  the  tissues  generally. 

the  blood,  or  in  the  liver,  is  not  known;  nor  has  it  been  determined 
OonoluSLTdly  that  it  is  derived  from  albuminous  or  nervous  matter. 
It  is  also  doubtful  if  we  are  to  regard  it  as  a  waste  substance  of 
no  use  to  the  body,  as  its  presence  in  the  blood -corpuscles,  in 
nervous  matter,  in  the  egg,  and  in  vegetable  grains,  points  to  a 
possible  function  of  a  histogenotic  or  tissue-forming  character." 
(McKendrick.) 

A  substance  called  iso -diciest erin,  isomeric  with  ordinary  chole- 
sterin,  is  found  in  tho  fatty  secretion  of  the  skin  (sebum);  it  is 
largely  contained  in  the  preparation  called  lancline  made  from  sheep's- 
wool  fat.  It  does  not  give  Salkowaki's  reaction  with,  chloroform  and 
sulphuric  acid  just  described. 

The  Usee  of  Bile. — Bilo  is  doubtless,  to  a  large  extent,  excretory. 
Some  state  that  it  has  a  slight  action  on  fats  and  carbohydrates,  but 

principal  action  is  as  a  coadjutor  to  tho  pancreatic  juice  (especially 
in  tho  digestion  of  fat).     In  sumo  animals  it  has  a  feeble  diastatic 

[  I!  I  V. 

Rile  is  Raid  to  be  a  natural  antiseptic,  lessening  the  putrefactive 
processes  in  (he  intestine.  This  is  very  doubtful.  Though  the  bile 
salts  are  weak  antiseptics,  the  bile  itself  is  readily  putrescible,  and 
the  power  it  has  of  diminishing  putrescence  in  the  intestine  is  due 
chioily  to  tho  fact  that  by  increasing  absorption  it  lessens  the  amount 
of  putrescible  matter  in  tho  bowoL 

Wli.  n  tho  bile  meets  tho  chymo  tho  turbidity  of  the  latter  is 
ieased  owing  to  tho  precipitation  of  unpoptonisod  protekL  Tin's 
is  an  action  due  to  the  bile  salts,  and  it  has  been  surmised  that  this 
conversion  of  tho  chj'me  into  a  more  viscid  mass  is  to  hinder  some- 
what its  progress  through  the  intestines ;  it  clings  to  the  intestinal 
wall,  tli us  allowing  absorption  to  take  place. 

Bile  is  alkaline ;  it  therefore  assists  tho  pancreatic  juice  in  neutral- 
ising the  acid  mixture  that  loaves  tho  BtOUSAOh, 

bile  assists  the  absorption  of  fats,  as  we  shall  see  in  studying  that 
subject.     It  is  also  a  solvent  of  fatty  aci  I 

We  have  seen  that  n'stula  bile  is  poor  in  solids  as  compared  with 
normal  bQe,  Mid  iliat  this  is  explained  on  the  supposition  that  tho 
normal  bile  circulation  is  not  occurring — the  liver  cannot  excrete 
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what  it  does  not  receive  back  from  the  intestine.     Si 
to  Hhow  that  if  the  bile  is  led  hack  into  the  duodenum,  or  even  if  the 
animal  is  fed  on  bilo,  the  percentage  of  solids  in  the  bile  excr< 
at  once  raised.     It  is  on  these  experiments  that  the  theory  of  a  bilo 
circulation  is  mainly  founded.     The  bile  circulation  relates,  however, 
•lnrils-   if  oot  entirely,  to  the  bile  sails:  they  are  found  bat  sparingly 
in  the  faeces ;  they  aro  only  represented  to  a  slight  extent  in  the  urine 
hence  it  is  calculated  that  seven-eighths  of  them  are  ro-absorbed 
the  intestina     Small  .|uantitiee  of  cholalic  acid,  tauriru  ivcinn 

are  found  in  the  faeces ;  the  greater  part  of  these  products  of  the  decom- 
position of  the  bile  salts  is  taken  by  the  portal  vein  to  the  liver,  where 
they  are  one-  QkQtQ  synthesised  into  the  bile  salts.  Some  of  the  taurine 
is  absorbed  and  excreted  as  tauro-carbamic  aoid  in  the  urim-.  S.  i 
the  absorbed  glycine  may  be  excreted  as  urea  or  uric  acid.  The 
cholasterin  and  mucus  aro  found  in  the  fooee;  kA6  pigment  is  changed 
into  stercobilin  (Bee  p.  511). 

The  bile-expelling  mechanism  must  be  carefully  distinguished 
from  tho  bile-secreting  action  of  the  liver-cells.  The  bilo  is  forced 
into  the  ducts,  aud  ultimately  into  the  duodenum,  by  the  pressure  of 
newly-formed  bile  pressing  on  that  previously  in  t!  and  this 

ii   lasintiMl   liv  i.in    oontreotion  of  the  ['lain  mnseulai  fihm  of  the 
larger  ducts  and  gall-bladuVr.  which  occurs  reflex  ly  when   the 
enters  the  duodenum.     In  cases  of  obstruction,  as  by  a  gall-stone,  in 
the  ducts,  this  action  becomes  excessive,  and  gives  rise  to  the  intense 
pain  known  as  hepatic  colic. 

Many   so-called    choUujogues   (bile-d rivers),  like    calomel,  act   on 

the    bile-expelling  mechanism   and    increase  the    j-cristalsis   of    tho 

ilar  tissue;  they  dn  not  really  cause  'in  increased  formation  of 

bile. 

Jaundice. — The  commonest  form  of  jaundice  is  produced  by 
obstruction  in  the  bile  ducts  preventing  the  bile  entering  the 
intestine.  A  very  small  amount  of  obstruction,  for  instance,  a 
plug  of  mucus  produced  in  excess  owing  to  inflaminat<  i  \  pro- 
cesses,  will  often  be  sufficient,  as  the  bile  is  secreted  at  such  low 
pressure.  Under  these  circumstances,  the  fieces  are  whitish  or 
clay  coloured,  and  the  bile  passing  backwards  into  the  Lymph, * 
enters  the  blood  and  is  thus  distributed  over  tho  body,  causing  a 
yellow  tint  in  the  skin  and  mucous  membranes,  and  colouriir,  the 
urine  deeply. 

In  some  cases  of  jaundice,  however  (e.g.,  produced  by  various 
poisons),  there  is  no  obvious  obstruction ;  the  causes  of  non- 
obstructive, or  blood  -jaundice,  form  a  pathological  problem  of  Bomo 
interest.    A  few  years  ago  it  was  believed  that  tho  bile  pigment  was 

*  The  absorption  is  by  the  lymph,  because  if  jaundice  is  produced  in  an 
animal  by  ligature  of  the  bile  ilu<  t.  it  will  (.-ease  when  the  thoracic  duct  is  tied. 
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actually  produced  in  the  blood.  But,  all  recent  work  shows  that  the 
livor  is  the  only  place  where  production  of  bile  occurs,  and  that  in  all 
cases  of  so-called  non-obstructivo  jaundice,  the  bile  is  absorbed  from 
the  livor.     There  may  be  ob^-i  in  tlio  smaller  ducts,  or 

tho  functions  of  tho  liver  may  Ijo  so  upset  that  the  bile  passos  into 
the  lymph  even  when  thAre  is  no  obstruction 


The  Glycogenic  Function  of  the  Ltver. 

Tito  Important  feet  that  the  livor  normally  forms  sugar,  or  a 
substance  readily  convertible  into  it,  was  discovered    by  Claude 

Bernard  in  1  ho  following  way:  he  fed  a  dog  for  Revon  days  with  food 
containing  a  large  quantity  of  sugar  and  starch ;  and,  as  might  be 
axpeotod,  found  in   both  tho  portal  and   hepatic    blood.     But 

i!  this  dog  was  fad  with  meat  on!  ,  sugar  was  still 

found  in  the  blood  of  tho  hepatic  veins,  llepeated  experiments  gave 
invariably  the  same  result;  no  BUgei  WIS  found,  under  a  meat  diet, 
in  the  portal  vein,  if  care  were  taken,  by  g  I  ligature  on  it  at 

the  transverse  fissure,  to  prevent  cefiui  ol  blond  from  tho  hepatic 
.in. us  system.  Bernard  found  sugar  also  in  the  substance  of  the 
liver.  It  thus  seemed  certain  that  EDO  liver  formed  sugar, even  v/b 
from  tho  absence  of  saccharine  and  amyloid  matters  in  tho  food, 
none  could  h:ive  been  brought  directly  to  it  from  the  stomach  or 
intestines, 

Barnard   found,  subsequently,  that  a   livor,  removed   from 
body,  and  from  whirh  a]]  had  been  completely  washed  away  by 

injecting  a  stream  of  water  through  its  blood-vessels,  Contained  sugar 

sbunoanoc  after  the  lapse  of  a  few  hours.  This  post-mortem  pro- 
duction of  sugar  was  a  met  which  could  only  bo  explained  on  the 
supposition  that  tho  liver  contained  a  substance  readily  convertible 
into  sugar;  and  this  theory  was  proved  to  be  correct  by  the  dis- 
OOvery  of  a  substance  in  the  livor  allied  to  starch,  and  now  teriimd 
glycogen  or  animal    taxofc 

We  are  thus  led  to  the  conclusion  that  glycogen  is  fanned  first 
and  stored  in  the  liver  colls,  and  that  the  sugar,  when  present,  is  I 
result  of  its  transformation. 

Source  of  Glycogen. — Although  the  greatest  amount  of  glycogen 
is  produced  by  the  liver  upon  a  diet  of  starch  or  sugar,  a  certain 
quantity  is  produced  upon  a  protoid  diet.  It  must,  then,  Lie  produced 
by  protoplasmic  activity  within  tho  cells.  The  glycogen  when  stored 
in  the  liver  oellfl  may  readily  be  demonstrated  in  sections  of  liver 
containing  it  by  its  COaotion  (red  or  port-wine  colour)  with  iodine,  and 
moreover,  when  the  hardened  sections  are  soaked  in  water  in  order  to 

solve  out  the  glycogen,  the  protoplasm  of  the  cell  is  so  vacuolated 
as  to  appear  little  more  than  a  framework.     In  the  liver  of  a  hibcr- 
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nating  frog  the  amount  of  glycogen  stored  up  in  the  outer  parts  of 
the  liver  ceLls  is  very  considerable. 

A  r.  rag*  .  I  MM  of  Qtyr.wjr*  in  Ik*  liter  of  Dofft  Htultr  variant  bitlt  (Pavy). 

Amcmnt  ot 
Dial.  Glyrx^-flo  id  Llrer. 

Animal  food 7-19  percent 

Animal  food  with  sugar  (about  J-lb  of  sugar  daily)  14*6 

Vegetable  diet  (potatoes,  with  bread  or  barley-meal)  .     1723 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  food 
taken  is  also  well  shown  by  the  following  results,  obtained  by  the 
same  experimenter : — 

Acertujr  QuofUUif  of  Qlyrooim  fmtn-l  i*  tk*  Liver  of  RakhUt  nfltr  Fatting,  ami 

|  mi. I  >*«..  "«Jy. 

Arermgn  aimmat  of 
Qljrcugea  In  IJvar. 

After  fasting  for  three  days Practically  absenL 

„     diet  of  Starr  fi  ami  ^'rape-sugar  IS'*  per  cent 

.,      cane-sugar 1C'1» 

The  diet  most  favourable  to  the  production  of  a  large  amount  of 
glycogen  is  a  mixed  diet  containing  a  largo  amount  of  carbohydrate, 
but  with  sonio  protoid.  Fats  taken  in  as  food  do  not  increase  the 
amount  of  glycogen  in  the  cells.  Glycerin  injected  into  tho  ali- 
mentary canal  may  increase  tho  glycogen  of  the  liver,  probul 
because  it  hinders  the  conversion  of  glycogen  into  sugar ;  the 
glycogen  therefore  is  allowed  to  accumulate  in  the  liver. 

Destination  of  Glycogen. — There  are  fcwp  chief  theories  as  to  the 
destination  of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted 
into  sugar  during  lifo  by  the  agency  of  a  ferment  (liver  diastase)  also 
formed  in  tho  liver;  and  that  the  sugar  is  convoyed  away  by  the 
Uood  of  tho  hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.) 
That  the  conversion  into  sugar  only  occurs  after  death,  and  that 
during  life  no  sugar  exists  in  healthy  livers,  glycogen  not  undergoing 
this  transformation. 

Tho  first  view  is  that  of  Claude  Bernard,  and  has  I  wen  adopted  by 
the  majority  of  physiologists.  The  second  view  is  that  of  l'avy: 
In  denies  that  the  liver  is  a  sugar-forming  organ,  he  regards  it  as  a 
sugar-destroying  organ;  the  sugar  is  stored  as  animal  starch,  but 
never  again  leaves  the  liver  as  sugar  during  life.  He  has  been  unable 
to  find  more  sugar  in  the  hepttfo  blood  than  in  the  portal  blood. 
Other  observers  have  found  an  increoso  in  the  sugar  of  the  blood 
leaving  the  liver,  but  the  estimation  of  sugar  in  a  fluid  rich  in 
protoids  is  a  matter  of  great  difficulty.  Even  if  tho  increase  is  so 
small  as  hardly  to  be  detected,  it  must  be  remembered  that  the 
whole  blood  of  the  body  passes  through  the  liver  about  twice  a 
minute,  so  that  a  very  small  increase  each  time  would  mount  up  to 
a  large  total. 
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['.ivy  farther  donios  that  the  post-mortem  fol  of  sugar  from 

glycogen  that  occurs  in  an  excised  live;  roe  picture  of  what 

occurs  during  life,  hut  is  duo  to  a  ferment  which  is  only  funned  after 
death.  During  life,  ho  regards  the  glycogen  as  a  source  of  other 
substances,  like  fat  and  proteid.  It  is  certainly  a  fact  that  increase 
of  carbohydrate  food  leads  to  the  formation  of  fat  in  the  bod?  and  in 

liver-cells.  Iu  support  of  the  theory  thai  glycogen  may  also  con- 
tribute to  ti  idlj  he  has  shown  that  many  proteids 
contain  a  carboh                idicto. 

Thy  whole  (jneetion  is  under  been  disoaseion  at  preeent  Wo 
may  state,  however,  that  the  prevalent  opinion  is  that  the  liver  - 
colfs  may  be  able  to  convert  pa  «■  store  of  glycogen  into  fat, 

but  that  most  of  thi  ivns  the  liver  as  sugar  (dextrose),  so 

justifying  the  name  (literally,  mother  substance  of  sugar)  given  to 
it  by  Bernard. 

Diabetes. — In    certain    disorders    of    hepatic    metabolism,    the 

glycogenic    function    is    upset,  mid   excess  of  sugar  passes  into  the 

tag  the  body  in  the  mine  {(glycosuria).      This  iimv   be  due 

to  an  increased  formation  of  sugar  from  glycogen,  or  to  a  diminished 
formation  of  glycogen  from  the  sugar  of  the  portal  blood,  according 
as  either  Bernard's  or  Pavy's  view  of  the  liver  function  is  adopted. 
In  many  cases  the  diabetic  condition  may  be  removed  by  a  close 
attention  bo  diet;  starchy  and  saccharine  food  must  be  rigidly 
abstained  from 

In  other  cases,  which  are  much  more  serious,  diet  mike-;  little  or 
no  difference.  Under  these  circumstances  the  sugar  must  come  from 
the  metabolism  of  the  proteid  constituents  of  protoplasm. 

The  disease  diabetes  is  not  a  single  one :  the  term  includes  many 
pathological  conditions,  which  all  possess  in  common  the  symptom  of 
excess  of  sugar  in  the  blood  and  ui 

A  diabetic  condition  may  be  produced  in  animals  artificially  iu 
several  ways: — 

(1)  By  diabetic  puncture. — Claude  Boruard  was  the  first  to  show 
that,  injury  to  the  floor  of  the  fourth  ventricle  in  the  region  of  the 
vaso-inntni  centre  leads  to  glycosuria.  The.  injury  produces  a  dis- 
turbance of  the  vaso-motor  mechanism,  but  diabetes  oannot  be 
regardod  as  purely  vaso-motor  in  origin.  This  condition  is  of 
interest,  because  brain  disease  in  man,  BVpeoially  in  the  raj  Ion 
uf  the  bulb,  is  frequently  associated  with  glycosuria. 

(2)  By  nHrpaUen  of  the  pancreas. — (Soo  also  p.  500).  It  is 
probaJble  that  in  diabetes,  the  earidativn  powers  of  the  body-ccii 
lessened.  Nevertheless,  other  diseases  in  which  diminished  oxidation 
occurs  are  not  nocessarily  accompanied  with  glycosuria.  The  diffi- 
culty in  diabetes  probably  lies  in  an  impairment  of  the  oapacity  of 
the  cells  of  the  body  to  prepare  the  sugar  for  oxidation.     In   this 
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process  the  sugar  or  its  derivative  glycuronic  acid  is  split  into 
smaller  molecules  and  ultimately  into  water  and  carbon  dioxide. 
The  close  relationship  of  sugar  and  glycuronic  acid  is  shown 
by  the  following  formula; : — 

COH  COII 

(CIIOH\  (CHOH). 

CH,OH  COOH 

IDoxtrw]  roolc  mclit.) 

Thai  la  two  hydrogen  atoms  in  the  01 1  _.C )  1 1  group  an  replaced  by 
one  of  oxygen.    Thw  oxidation  a  readily  m  out  in  the  bo 

and   glycuronic  acid   is   usually  found  I  tic   urine ;   but  the 

further  oxidation  into  water  and  carbon  dioxide  is  a  more  difficult 
task,  l>ecause  it  involves  the  disruption  of  the  linkage  of  the  carbon 
atoms.  Perhaps  it  is  hero  that  tho  internal  secretion  of  the  pan  roas 
is  effective.  This,  howover,  is  at  presont  a  mare  theory,  and  certainly 
Lepinefa  idea  that  the  ferment  of  the  pancreatic  Internal  secretion  is 
one  which  initiates  glycolysis  or  sugar-split  iin<:  in  the  blood,  has  been 
abundantly  disproved.  It  may  be  that  the  active  principle  of  the 
panareatio  internal  secretion  stimulates  the  glycolytic  action  of  Ihfl 
tissue-cells.  It  is  (-(.nceivahle  tliat  in  the  other  great  cause  of 
glycosuria,  namely,   injury   to  nervous  structures,    as   in    Bernard's 

puncture  Bxperitnan  ement   oi   the   nervooi   system 

its  some  unknown  iiilliienee  mi  the  pancreas  as  well  as  on  file 
liver. 

(3)  By  culm.in.iAt ration  of  phloridzin. — Many  poisons  produce 
temporary  glycosuria,  but  the  most  interesting  and  powerful  of  these 
is  phloridzin.  The  diabetes  produced  is  very  intense.  Phloridzin  is 
a  glucoside,  but  tho  sugar  passed  in  the  urine  is  too  great  to  be 
accounted  for  by  the  small  amount  of  sul-  ible  from  the  drug. 

Besides  that,  phloretin,  a  derivative  of  phlniMzin,  free  from  sugar, 
produces  the  same  results. 

Phloridzin  produces  diabotos  in  starved  animals,  or  in  those  in 
which  any  carbohydrato  store  must  have  been  got  rid  of  by  the 
previous  administration  of  the  same  drug.  I'hloridzin-diabetes  is 
therefore  analogous  to  those  intense  forms  of  diabetes  in  man  in  which 
the  sugar  must  be  derived  from  protoplasmic  metabolism. 

A  puzzling  feature  is  the  absence  of  an  increase  of  sugar  in  the  blood;  if  the 
phioridsin  is  directly  injected  into  one  renal  artery,  sugar  rapidly  appears  in  the 
secretion  of  that  kidney;  the  sugar  is  formed  within  the  kiiln.  Irani  sonic 

substance  in  the  blood,  but  whether  that  substance  is  protcid  or  not  is  unccrt 
Th«  action  uf  the  kidney  cells  in  forming  sugar  has  been  compared  to  that  of  the 
mammary  cells  in  forming  lactose. 

Acetonemia. — Death  in  diaU-.tic  patients  is  usually  preceded  by 
deep  coma,  or  urn  iMisciousness.  Some  poison  must  be  produced  that 
acts  soporifically  upon  the  brain.     The  breath  and  urine  uf   those 
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patients  sinoll  strongly  of  acotono;  banco  tbo  tonn  acetonemia.  Thus 
apple-like  smell  should  always  suggest  tho  possible  onset  of  coma  and 
death,  but  it  is  exceedingly  doubtful  whether  acetone  (which  can 
tinly  be  detected  in  the  urine)  is  the  true  poison;  ethyl-diacetic 
acid,  which  accompanies,  and  is  the  source  of  the  acetone,  was  regarded 
by  some  as  the  actual  poison,  but  these  substances,  when  introduced 
into  tho  circulation  artificially,  do  not  cause  serious  symptoms.  Tho 
principal  poison  is  aznido-hydroxybutyric  acid.  Tho  alkalinity  and 
carbonic  OOld  of  tho  blood  aro  decroased,  and  tho  ammonia  of  tho  urine, 
is  increased;  this  indicates  an  attempt  of  tho  body  to  neutralise  tlm 
poisonous  acids. 

The  Nerves  of  the  Liver. 

Glands  Barnard  observed  thai  an  increase  of  sugar  in  the  blood  fa 
Uffht  about  by  stimulation  of  tho  central  and  peripheral  ends  of 
tho  divided  tOgOS,  and  that  on  the  section  of  both  vagi  sugar  dis- 
appears from  the  blood,  and  glycogen  from  the  liver  and  tissues 
generally.  These  results  have  been  confirmed  in  recent  experiments, 
and  it  has  been  in  addition  found  that  stimulation  of  the  cceliae 
plexus  also  leads  to  a  loss  of  glycogen  in  the  liver,  with  a  correspond- 
ing production  of  glucoso  that  passes  into  the  blood.  Tho  disappear- 
ance of  glycogen  from  the  liver  cells  after  the  stimulation  of  these 
nerves  can  also  be  seen  histologically  (Cavazzani).  These  results  are 
due  to  a  direct  influence  of  the  nerves  on  the  liver  cells,  for  they  are 
obtained  aftor  tho  circulation  is  stopped  by  ligature  of  tho  aorta  and 
portal  vein  (Morat  and  Dufourt). 

Vaso-motor  nerves. — Tho  vaso-constrictor  fibres  for  the  portal  voin 
leave  the  spinal  cord  in  tho  third  to  tin-  eleventh  tluiaoic  norvee 
inclusive  (Uayliss  and  Starling).     The  nerves  of  th< 
are  constrictors  contained  in  the  splanchnic,  and  dilators  in    both 
splanchnic  and  vagus. 


Food  is  digested  In  ordei  th.it  it  may  bo  absorbed.    It  i  bed  in 

Offder  that  it  may  bo  assimilated,  that  is,  become  an  integral  part  of 
tho  living  material  of  the  body. 

The  digested  food  thuB  diminishes  in  quantity  as  it  pisses  along 
the  alimentary  canal,  and  tho  freces  contain  the  undigested  or  indi- 
gestible residue. 

In  tho  mouth  and  oesophagus  tho  thickness  of  the  epithelium  and 
the  quick  passage  of  tho  >      reduce  shaoj 

to  B  minimum.     Absorption  takes  place  more  rapidly  in  thi' 
tho  small  intestine  with  its  folds  and  vilii  to  increase  its  surfaco  is, 
however,  tho  great  plaOfi  for  absorption;  ami  although  tho  villi  are 
absent  from  the  large  intestine,  absorption  occurs  there  also,  I 
a  less  extent. 

Foods  such  as  water  and  soluble  salts  like  sodium  chloride  are 
absorbed  unchanged.  The  organic  foods  are,  howevor,  considerably 
changed,  colloid  materials  like  starch  ami  proUid  being  com'*  Q 
respectively  into  the  diffusible  materials  si:  |H-ptnm\ 

There  are  two  channels  of  absorption,  tho  hluiju  UHBHIiTll  (portal 
capillaries)  and  the  lymphatic  vessels  or  lact.t 

AbBOT]  ti on,  however,  is  no  mere  physical  process  of  osmosis  and 
filtration.  Wo  must  also  take  into  account  the  fact  that  the  cells 
through  which  tho  absorbed  substances  pass  are  living,  and  in  virtue 
of  their  inherent  activity  not  only  .select  materials  for  absorption,  but 
also  change  thoso  substances  while  in  contact  with  thorn.     These  cells 

are  of  two  kinds — (l)  the  oolumiuur  epithelium  that  enters  theenrfeoe; 

and  (2)  tho  lymph  cells  in  tho  lymphoid  tissue  beneath.  It  is  now 
generally  accepted  that  of  the  two  the  former,  the  columnar  epithelium, 
is  the  more  important. 

Absorption  of  Carbohydrates. — Though  the  sugar  formed  from 
starch  by  pU  d  nmylopsiu  is  maltose,  that  found  in  tho  blood 

is  glucose.  Under  DOi  mal  i-neii  instances  little,  if  any,  is  absorbed  by 
the  lacteals.  The  glucoso  is  formed  from  the  maltoso  by  the  sucens 
BDterii  as,  aided  by  the  action  of  the  epithelial  cells  through  which  it 
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passes.  Cane  sugar  ami  milk  sugar  aro  also  convorted  into  glucoses 
before  absorption. 

The  OftTDohydrate  food   which  enters  the  blood  as  glucose  is  taken 

to  the  liver,  ami  there  stored  up  In  the  form  of  glycogen — a  reserve 
store  of  carbohydrate  material  for  the  future  needs  of  the  body. 
Glycogen,  however,  is  found  in  animals  who  take  no  carbohydrate 
food.  It  must,  then,  bo  formed  by  the  protoplasmic  activity  of  the 
liver  sells  from  their  proteid  constituents.    The  ion 

of  tho  liver  is  discussed  in  the  chapter  preceding  this.     Glucose  is 

,  sugar  from  which  the  liver  is  capable  of  forming  glycogen.  If 
other  cai  n 'hvlr.ites  like  cane  sugar  or  lactose  are  injected  into  the 
blood-str-  Mm  direct,  th'-v  ue  unaltered  by  the  liver,  and  finally  leave 
the  body  by  the  urine. 

Absorption  of  Proteids. — A  cortain  amount  of  soluble  protoid  is 
absorlwd  unchanged.  Thus,  after  taking  a  large  number  of  eggs,  egg 
albumin  is  found  in  tin-  urine  Patients  fed  per  rectum  derive 
nourishment,  ln.ni  proteid  food,  though  proteolytic  ferments  are  not 
present  in  this  part  of  the  intestine. 

Most  protoid,  however,  is  normally  absorbed  as  peptone  and 
proteoso  or  their  decomposition  products.  Peptones  and  proteoses 
are  absent  from  tho  blood  under  all  circumstances,  evon  from  tho 
portal  blood  during  the  most  active  digestion.     In  otibt  .during 

absorption  the  epithelial  cells  change  tho  products  of  proteolysis  liack 
I'm  B  more  Into  native  proteids  (.ilhiiniin  and  globulin). 

Tho  greater  part  of  tho  protoid  absorbed  passes  into  the  blood; 
i  1  o  the  lymph  also;   but  this  undergoes  the  same  change. 

When  peptone  (using  tho  word  to  include  the  proteoses  also)  is 
injected  into  tho  blood-stream,  poisonous  effects  are  produced,  the 
r-iugulabilih  of  the  blood  H  lessoned,  the  blood-p  falls,  secre- 

tion ceases,  and  in  the  dog  0'3  grammo  of  "peptono"  por  kilogramme 
of  body-weight  is  sufficient  to  kill  the  animal. 

Tho  opi  -ells  of  the  alimentary  canal  thus  protest  us  from 

those  poisonous  effects  by  converting  the  harmful  peptone  into  the 
useful  albumin. 

The  whole  question  of  proteid  absorption  is  in  a  wry  unsettled  state  just  now. 
Cohnheim's  discovery  sfetcpalu  (p.  197)  appears  to  lead  support  to  the  view  that 
the  peptones  arc  wry  largely  broken  up  Ian  simpler  substances,  but  tlic  abv 
of  tnese.  in  tli  •  blood  itKUD  showi  that  tli  ■  absorptive  epithelium  is  capable  of 
rrtynthesising  them  into  proteids.  Several  observers  have  noted  the  small  amount 
of  peptones  obtainable  from  tin-  intestinal  contents :  this  may  be  due  to  the  fact 
that  they  arc  so  rapidly  absorb  ■<],  or  it  may  be  due  to  their  having  been  broken  up 
into  simpler  substance*  tiy  trypsin  and  ercpsin.  On  the  other  hand,  there 
are  some  obeuivON   who  hold    triat  tin*   Importance  of  ercpsin   has   been   exag- 

ited,  and  that  tlu  absorptive  apKhdhna  can  also  resyntheslse  proteid*  from 

pi.iteoses  and  peptone.     It  is,  however,  undeniable  that  the  body  run  he  maiiitaincd 

.ill  ami  nteogenouj  e  raHIbrhun  bjr  fcedtaaH  oo  the  Anal  crystalline  products 

of  panci<  .1  it  is  probable  that  ll«c  synthesis  of  the  body 

areniiiplkhed  mainly  In   Hie  ill!  ••  -I  m.'il  <-|>ilh'-]iiliu. 


en  xwiv.] 
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Absorption  or  Pats.— Tim    fatfl   mkblttO    in    the    t&taStSllfi    two 
ohtpgee:  one  a>  phyaioel  on  Ennlafieataon)  the  other  a  «  h 

change  (saponil ii tfttton)  -sols  are  the  great  channels 

for  fat  absorption,  and  their  name  lacieals  is  derived  from  the  milk- 
like appearance  of  their  -on  tents  (cJiyle)  during  the  absorption  of  fat. 

The  course  which  the  minute  fat  a  take  may  be  studied  lv 

killing  animals  at  varying  periods  after  a  moal  of  fat,  and  making 
osniic  acid  microscopic  preparations  of  the  villi.  Figs.  410  and  411 
illustrate  the  appearanoea 
olwerved  by  Schftfer. 

ThR0.rilumn;ir.-,pi(,hfliimi 
cells  ljeoomo  first  filled  with 
fatty  globules  of  varying 
size,  which  are  generally 
larger  near  the  free  border. 

The  globules  pass  down 
cells,  the  larger  ones  lineal; - 
ing  Dp  into  mailer  ones 
(taring  Ihfl  journey;  they 
are  then  transferred  to  the 
amcBboid  cells  of  the  lym- 
phoid tissuo  beneath :  these 
ultimately  ponotrate  into 
the  central  lacteal,  where 
they  either  disintegrate  or 
discharge  their  cargo  into 
the    lymph  -  stream.      The 

alee  are  by  this  time 

-led  into  immeasurably 
small  ones,  the  moloculanv  v 
DMD8  of  chylo.  The  chylo 
enters  the  Unod-stream  by 
the  thoracic,  duct,  and  after 
an  abundant  fatty  meal  the  blood-plasma  is  anile  milky ;  the  fat 
droplets  are  so  small  that  they  circulate  without  hind  trough 

the  capillaries.  The  fat  in  the  blood  after  a  meal  is  eventually 
stored  up  especially  in  the  cells  uf  adipose  tissue.  It  nm-i, 
however,  be  borne  in  mind  that  the  fat  of  the  body  is  not  exclu 

rom  the  fat  of  the  food,  but  it  may  originate  also  both  from 

teid  and  from  carbohydru 

The  groat  difficulty  in  fat  absoi  u  to  explain  how  the  fat 

first  gets  into  the  columnar  epithel  will  not  take  up 

other  particles,  and  it  appears  certain  thai  it  he  Hal  cells  do  not 

in  the  higher  animals  protrnde  pseudomelia  from  their  borders  (this, 
however,  does  occur  in  the  endoderro  of  some  of  the  lower  inverte- 


.  Jlu.— Srciion  of  Ikic  villim  of  %  t»l  VillnJ  during  f»l 
atwirjitinn.      'P,    rpithelium ;    Ur,    ««rl»tiN) 

omtih-rtlU 
I,  central   Uctotl   cotiuinliig   dUtntegntliig   lymph- 
eotVMClM.    (K.  A.  Selwfcr.) 
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brates)    moreover,  fat  particles  havo  never  been  Been  in  the  atd 
border  of  tU''  ft:iK 

Recent  research  has  shown  that  particles  may  be  present  in  the 
epithelium  and  lymphoid  cells  while  no  fat  is  being  absorbed.  These 
particles  are  apparently  protoplasmic  in  nature,  as  they  stain  with 
reagents  that  slain  pfitnplasmic  granules;  they,  howevor,  also  stain 
darkly  with  osmic  acid,  and  so  are  apt  to  be  mistaken  for  fat.  There 
is,  however,  no  doubfi  that  the  particles  found  during  fat  absorption 
are  COD  ol  tai,     There  is  also  no  doubt  that  the  opithelial  cells 

have  the  power  of  funning  fat  out  of  tho  fatty  acids  and  glycerin  into 
which  fats  have  been  broken  up  in  the  intestine.  Munk,  who  has 
performed  a  Imp  n timber  of  experiments  on  the  subject,  showed  that 
the  splitting  of  fats  into  glycerin  and  fatty  acids  occurs  to  a  I 
greater  extent  than  was  formerly  supposed;  these  substances,  being 
sol u bio,  pass  readily  into  the  epithelium  cells;  and    those  cells  per* 

fni  in  the  synthetic  act  of  building 
them  into  fat  once  more,  the  fat  so 
formed  appearing  in  the  form  of  small 
globules,  surrounding  or  becoming 
mixed  with  the  protoplasmic  granules 
that  are  ordinarily  present.  Another 
likable  fact  which  he  made  out 
is  that  alter  feeding  an  animal  on 
fatty  acids  tho  chyle  contains  fat. 
The  necessary  glycerin  must  1 
been  formed  by  proti  plasmia  activity 
during  absorption.  The  more  recent 
work  of  .Moore  and  Rockwood  has 
shown   that  fat  is  I   entirely 

as  fatty  a<:id  or  soap;  and  that  preliminary  bjuuI 
advantageous  for  the  Formation  ol  these  Bubatancee,  is  not  essential. 

We  thus  see  how  with  Increase  ol  knowledge  duo  to  Improved 
methods  of  research,  a  complete  change  has  come  it;  b ysio- 

logists  hold  regarding  this  subject.     It  is  not  s<  ears  ago,  that 

the  physical   change — emulalfioation — which   fats   undergo    iii 
intestine  was  considered    to   be  more   important  than  the  chemical 
changes — fat-splitting  and  saponification.     In  fact,  the  small  amount 

of  chemical  change  which  was  Buppoeed  to  oconrwaa  regardei 
quits  subordinate,  and  of  value  merely  in  MEfoff"g  the  process  of 

omulaification.     We  now  know  that  the  exaot  Convene  is  the  truth; 
the  Qbemioal  change  is  the  important  process,  and  emulalfioation  the 

subordinate  one. 

Bile  aids  the  digestion  of  fat,  in  virtue  of  its  being  a  solvent  of 
acids,  and  it  probably  assists  fat  absorption  by  reducing  the 
surface   tensiuu  of   the  intestinal  contents;   membranes  moistened 


Ki  ..  ill.     KkMMM  niembr»BP  ol  fiug 
Una  (taring  tet  absorption. 

Iimiii  ;     •!.-,    *UUb*3    h 
i  •»;  {.lac!**!.     (K. 
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with  hilt)  allnw  fatty  materials  to  pass  fchro  lily 

than  would  otherwise  he  the  caa       [n  oaflM   i;  diDOMO  in  which 
is  absent  from  the  intestines,  a  large  proportion  of  tho  fat  in  I  ho  f«  kkI 
panes  into  the  faeces. 

Since  the  days  of  Lieberkuhu  it  has  been  tlV    !■  ivsiologlst*  to  prove 

that  the  absorption  of  solutions  from  the  intestines  can  he  explained  upon  some 
simple  physical  basis.  Thus  tin  processes  of  filtration,  osmosis,  and  imbibit 
cither  alone  or  in  combination,  hare  been  In  turn  called  upon  as  affording  the 
r..|ii  !-.it  •  il.in.itiim.  Such  theories  hare  alternated  with  others  In  which  the 
physical  cause  h-*s  been  cither  wholly  or  in  part  rejected  as  inadequate,  and  the 
deficiencies  of  the  physical  cause  supplemented  by  the  physiological,  vital,  or 
selective  action  of  the  epithelial  lining  <>f  the  alimentary  tract. 

The  dilii'  ulty  of  the  problem  docs  not.  however,  entirely  depend  on  the  impos- 
sibility of  defining  the  word  vital,  but  also  on  the  complicated  nature  of  the  physical 

nrorcMfH  tin  nTiliTi  wr  Timi  alluded.    Since  the  days  whn  Fhcba  ud  Datfoehet 

inaugurated  our  elementary  knowledge  of  osmotic  phenomena,  a  great  amount  of 
research  has  been  expended  in  making  that  knowledge  more  accurate,  but  even 
at  the  present  day  it  is  doubtful  whether  all  the  aspects  of  the  question  arc  fully 
understood  (see  also  p.  321).  The  subject  has,  in  recent  years,  lieen  taken  up  l>\ 
WajmOlltfl  Keid,  who  has  made  a  life-study  of  such  p  a,  and  whose  I 

must  l>c  regarded  as  authoritative. 

The  animals  he  experimented  on  were  dogs,  and  the  material  selected  for 
Absorption  »m  the  serum  or  plasma  of  the.  bh>  >d  from  the  same  animals.  The  sub- 
stances to  !».•  iteotbed  were  thus  of  the  same  Uiudaa  those  in  the  blond  and  lymph 
on  the  other  side  of  the  I  epithelium.     The  scrum  or  plasma  was  analysed. 

Introduced  into  an  i  I  loop  of  the  gut.  and  at  the  end  of  a  given  time  tlie  Gf 

ni  ih.  Inop  were  again  analysed.  I  he  pressure  in  the  loop  and  in  the  mesen- 
teric veins  was  estimated  mm  liy  during  the  progress  of  the  experiment; 
allowance  was  uuule  for  the  secretion  of  intestinal  juice,  and  other  precautions 
taken  to  make  each  experiment  oj  complete  as  possible. 

It  was  found  that  the  absorption  by  an  animal  of  its  own  serum  or  plasma 
takes  place  under  conditions  in  which  tilt  rat  ion  Of  USIUUOlfl  into  blood  capillaries  n 
lacteaLs  and  also  adsorption  (or  imbibition)  arc  excluded.  The  active  rorce  DM 
therefore  by  n  process  of  exclusion  reside  Is  tin-  phy-  iulogicnl  activity  of  tlie  lining 
epithelium.  The  same  conclusion  was  reached  by  another  method,  namely .  that 
when  the  epithelium  h  removed,  injured  or  poi.soiicil.  tin- aiv.nrpt ;ou  either  ceases. r 

larkcdly  lessened,  and  this  in  spite.it  the  bcl  that  removal  of  the  epithelium 
must  increase  tlie  facilities  lor  osmosis  and  nitration. 

The  activity  of  tlie  cells  is  characterised  by  a  slower  uptakenf  the  organic 
of  tlie  serum  than  of  water,  and  a  quicker  uptake  of  the  salts  than  of  tlie  water; 
but  the  absolute  numerical  relations  vary    in  dbTe  lie  intestine.     The 

state  of  nutrition  of  the  cells  is  the  main  factor  in  thei 

nerve-fibres  were  souuht  for,  but  not  found.     Tlie  absorption  of  wuter  from  tlie  gut 
depends  partly  on  tin   physical  relation  of  the  osmotic  pressure  of  the  solution  fan 
intestine  to  that  of  the  blood  plasma ;  but  even  the  absorption  of  water  is  influenced 
by  the  physiological  regulation  of  this  difference  by  tin-  directing  or.  ai  it  may  be 
firmed,  orienting  mechanism  of  the,  ell-.      Su.-li  orienting  act  ion   ftji  f'.r-r.  BOCfld  lO 

icction  with  salts  by  Otto  (  >>hiJi< mi  .  he  ihoved  thai,  in  ifl  intestinal  loop  with 
injured  cells,  sodium  chloride  enters  its  lumen  from  the  blood  though  the  same  salt 
is  beinir  actively  absorbed  from  a  normal  loop  in  I  be  same  animal  at  the  same  time. 
In  all  probability  the  cell  activity  which  causes  the  urenuic  constituents  of  serum  to 
pass  into  the  blood  Is  of  the  same  nature  as  that  involved  in  the  orienting  action  of 
the  ceLs  upon  salts  in  solution. 

Ileitis  conclusions  with  regard  to  the  absorption  of  peptone  and  .sugar  tic 
as  follows: — The  chief  factor  in  the  absorption  of  peptone  is  an  assimilation  for 
absorption)  by  the  celts,  while  in  the  absorption  of  gluco&c  diffusion  variable  by  the 
]HTineal>ilil\  of  the  cells  (and  so  probably  related  to  their  physiologic. 


The  faeces  are  alkaline,  ami  contain  the  following  substances: — 

1.  Water:  in  health  from  68  to  82  per  cent.;  in  diarrhoea  ir  is 
m. .re  .ilmndant  still. 

2.  Undigested  food;  l  hat  i*,  if  food  is  taken  in  excess,  some 
escapes  the  action  of  the  digestive  juices.  On  a  moderate  diet 
unaltered  protoid  is  imvn  f.nmd 

Indigestible  constituents  of  \>t  cellulose,  keratin,  nn 

chlorophyll,  gome,  rosins,  Qholastai 

4.  Constituents  digestible  with  difficulty:  W  starch, 
tendons,  elastin,  various  pli"~]  lit!,  s,  and  other  salts  of  the  alkaline 
earths. 

5.  Products  of  decomposition  of  the  food:  indole,  skatole.  plu/nol. 
acidfl  such  as  fatty  acids,  I.  i  I.  <•{<■  ;  keiuatin  from  haemoglobin  ; 
insoluble  soaps  liko  those  of  oaloimn  and  magnesium. 

G.  Bacteria  of  all  sorts,  and  dfbrii  from  the  intestinal  wall ;  colls, 
nuclei,  mucus,  etc. 

7.  Bile  residues:  mucus,  cholesterin,  traces  of  bile  acids  and  their 
products  of  decomposition,  Btarcobilis  from  the  bile  pigment. 

The  average  quantity  of  solid  ftccal  matter  passed  by  the  human 
adult  per  diem  is  6  to  8  ounces. 

Meconium    is  t.lio  iiaum  KSVen    to    the  grr-Miisli-l  ■!!  tents  of 

the  intestine  of  new-born  children.  It  is  chiefly  concentrated  bile, 
with  dtbris  from  the  intestinal  wall.  The  pigment  is  a  mixture  of 
bilirubin  and  biliverdin,  not  stercobilin. 


<  HAI'TEI:  XXXV 

THE   MECHANICAL   PROCESSES  OK   DIGESTION 

I  'nukj:  [.lii.s  head  wo  .shall  study  the  neuro-inuscular  mcchiuii.sin  of  the 
alimentary  cutial,  which  has  for  its  object  the  nnward  movement  of 
the  food,  ami  its  thorough  admixture  with  tin  digestive  juices.  Wc 
shall  therefore  have  t.u  consider  rnastieatinn,  deglutition,  the  move- 
ments of  the  stomach  sad  intestines,  defalcation,  and  vomiting. 


M.Y.STICATIOX. 

The  act  of  mastication  ifl  jiorfonned  by  the  biting  and  grinding 
movement  of  the  lower  range  of  teeth  against  the  upper.  The 
.siriiidLiuoous  movements  of  tlio  tongue  and  cheeks  assist  partly  by 
crushing  the  softer  portions  of  the  food  against  the  hard  palato  and 
gums,  and  thus  supplement  the  action  of  the  teeth,  and  partly  by 
returning  the  morsels  of  food  to  the  teeth  again  and  again,  as 
they  are   squeezed  out  from   between  them,  im  have  been 

suflicii'iilly  OflOWOd. 

The  act  of  mastication  is  much  assisted  by  the  saliva,  and  the 
.  i mate  incorporation  of  this  secretion  with  the  food  is  called 
insalivation. 

Mastication  is  much  more  thoroughly  performed  by  some  animals 
than  by  others.  Thus,  dogs  hardly  chew  their  food  at  all,  but  the 
oesophagus  is  protected  from  abrasion  by  a  thick  coating  of  very 
viscid  saliva  which  lubricates  the  pieces  of  rough  food. 

In  vegetable  feeders,  on  the  other  hand,  insalivation  is  a  much 
nine  important  process.  This  ib  especially  so  in  the  ruminants;  in 
i  bote  animals,  the  grass,  etc.,  taken,  is  hurriedly  BwallowtuI,  and  passes 
into  the  first  compartment  of  their  four-chambored  stomach.  Later 
on,  it  is  returned  to  the  mouth  in  small  instalments  for  thorough 
mastication  and  insalivation;  this  is  the  act  of  rumination,  or 
*'  chewing  the  cud " ;  it  is  then  once  more  swallowed  and  passes 
on  l<>  the  iligestive  regions  of  the  stomach. 

In  man,  mastication  is  also  an  important  process,  and  in  people 
m 
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who  have  lost  thoir  tooth  severe  dyspepsia  is  often  producod,  which 
can  be  cured  by  a  new  set  of  teeth. 

DEGLUTITION. 

When  properly  masticated,  the  food  is  transmitted  in  successive 
portions  to  the  stomach  by  the  act  of  deglutition  or  swallowing. 
This,  for  the  purpose  of  description,  may  be  divided  into  three  acts. 
In  the  first,  particles  of  food  collected  as  a  bolus  are  made  to  glido 
bdtWOOn  the  surfaco  of  the  tongue  and  the  palatine  arch,  till  they 
have  passed  the  anterior  arch  of  the  faueos;  in  the  second,  the  morsel 
is  carried  through  the  pharynx ;  and  in  the  third,  it  reaches  the 
stomaoh  through  the  oesophagus.  These  three  acts  follow  each  other 
rapidly.  (1.)  The  first  act  is  voluntary,  although  it  is  usually  per- 
formed unconsciously;  the  morsel  of  food  whon  sufficiently  masti- 
cated, is  pressed  between  the  tongue  and  palate,  by  the  agency  of  the 
muscles  of  the  former,  in  such  a  manner  as  to  forco  it  back  to  the 
entrance  of  the  pharynx  (2.)  Tho  second  act  is  tho  most  complicated, 
because  the  food  must  go  past  the  posterior  orifice  of  tho  nose  and 
tho  upper  opining  <<i  t  In-,  larynx  without  on  tori  ng  thorn.  Whon  it 
lias  been  brought,  by  the  first  act,  between  the  anterior  arches  of  the 
palate,  it  is  moved  onwards  by  the  movement  of  the  tongue  backwards, 
and  by  the  muscles  of  the  anterior  arches  eontrac:  in  \  00  it  and  than 
behind  it.  Tho  root  of  tho  tongue  being  retracted,  ami  the  larynx 
being  raised  with  the  pharynx  ami  I   forwards  Wider  the  base 

of  the  tongue,  the  epiglottis  is  pr  en  the  upper  opening  oi 

glides  past  it;  tho  elosiiro  of  the  glottis  is 

mImiiiII  i   by  the  Bunultaneoufl  contraction  of  its  own 

muscles:  so  that,  even  when  the  epiglottis  is  destroyed,  there  is  little 
danger  of  food  passing  into  tho  larynx  so  long  as  its  museles  can  act 
freely.  In  man,  and  some  other  animals,  the  epiglottis  is  not  drawn 
as  a  lid  over  the  larynx  during  swallowing.  At  the  same  time,  tin- 
raising  of  the  soft  palato,  so  that  its  posterior  edge  touches  tl 

i   of  the  pharynx,  and  the  approximation  of  the  sides  of  I 

lorior  palatine  arch,  wliiidiiin  Is  like  side  cm  tains, 

g  kgjB  into  ill"  tipper  part  of  the  pharynx  and  the  posterior 
nares,  and  form  an  inclined  plane,  along  the  under  surface  of  winch 
the  morsel  descends;  thon  tho  pharynx,  raised  up  to  receive  it,  in  its 
turn  contracts,  and  forces  it  onwards  into  the  oesophagus.  The  passage 
of  the  bolus  of  food  through  the  three  constrictors  of  the  pharynx  is 
tho  last  step  in  this  stage.  (3.)  In  the  third  act,  in  whieh  the  B 
passes  through  tho  oesophagus,  every  part  of  that  tube,  as  it  receives 
the  morsel  and  is  dilated  by  it,  is  stimulated  to  contract :  hence  an 
ondoiatory  or  peristaltic  contraction  of  the  oesophagus  occurs,  which 
is  easily  observable  through  the  skin  in  long-necked  animals  liko  tho 
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swan.  If  we  suppose  the  bolus  to  be  at  one  particular  place  in  the 
tube,  it  acta  stimulatingly  on  the  circular  muscular  fibres  behind  it, 
and  inhibitiugly  on  those  in  front;  tho  contraction  therefore  squeezes 
it  into  tho  dilated  portion  of  tho  tube  in  front,  where  the  same  pro- 
cess is  repeated,  and  this  travels  along  the  whole  length  of  the  tube. 
Tho  second  and  third  parts  of  the  act  of  deglutition  are  involuntary. 
The  action  of  these  parts  is  more  rapid  than  peristalsis  usually  is. 
This  is  due  to  the  large  amount  of  striated  muscular  tissue 
present.  It  serves  the  useful  purpose  of  getting  the  bolus  as  quickly 
as  possible  past  the  opening  of  the  respiratory  tract. 

Nerrxnu  Mechanism. — The  nerves  engaged  in  the  reflex  act  of 
deglutition  are : — sensory,  branches  of  the  fifth  cranial  norvo  supplying 
tho  soft  palate  and  tongue;  glossopharyngeal,  supplying  tho  tongue 
anil  pharynx ;  tho  superior  laryngeal  branch  of  tho  vagus,  supplying 
tho  epiglottis  and  tho  glottis;  whQe  the  motor  fibres  coneornod  are: — 
branches  of  tho  fifth,  supplying  part  of  tho  digastric  and  my 
muscles,  and  the  muscles  of  mastication;  the  bulbar  part  of  the 
spinal  accessory  through  the  pharyngeal  plexus,  supplying  the  levator 
palati,  probably  by  rootlets  which  are  glossopharyngeal  in  origin ;  tlio 
Uliwiu  jilw jmjwl  rod  \  ;i;M-  ;ii.'.i  pwnblj  the  btubai  pari  i  f  fcne  spinal 
accessory,  supplying  tho  muscles  of  the  pharynx  through  tho  phar- 
yngeal plexus;  the  vagus,  in  virtue  of  its  spinal  accessory  KOI 
supplying  tho  muscles  "  ■  rynx  through  the  ia  I  yngeal 

branch  ;  ami  the  hypo-glossal,  the  mtuols  tongue*     The  nerve- 

centre  by  which  the  auuole8  are  harmonised  in  thai  ,  is  situated 

in  tho  madttlla  "1'1-mgata,     Stim  >i  tho  vagi  gives  rise  to  peri- 

stalsis of  the  (esophagus.  The  cell  stations  of  these  fibres  are  in  the 
ganglion  trunci  vagi  Division  of  both  pneumogastric  nerves  gives 
rise  to  paralysis  of  tho  oesophagus  and  stomach,  and  firm  conti  i< 
of  the  oardiao  orifloa.  Those  norvos  therefore  normally  supply  fthfi 
(esophagus  with  motor,  and  tho  cardiac  Bftfainotar.  with  inhibitory 
fibres.  If  food  is  swallowed  after  these  nerves  are  divided,  it  aoonmtH 
lates  in  the  gullet  and  never  reaches  the  si 

In  discussing  peristalsis  on  a  previous  occasion  (p.  158),  we 
arrived  at  tho  conclusion  that  it  is  an  inherent  property  of  muscle 
rather  than  of  nerve;  though  normally  it  is  controlled  and  influenced 
I  iy  mi  vous  agency.  Tins  nervous  control  is  especially  marked  in  the 
oesophagus;  for  if  that  tube  is  divided  across,  leaving  tho  nerve 
branches  intact,  a  wave  of  contraction  will  travel  from  one  end  to  the 
i  i  bet  ..'Toss  the  o 

Swallowing  of  Fluids. — The  swallowing  both  of  solids  and 
liquids  is  a  muscular  act,  and  can,  therefore,  take  place  in 
opposition  to  the  force  of  gravity.  Thus,  horses  and  many  other 
animals  habitually  drink  up  hill,  and  the  same  feat  can  be 
performed  by  jugglers. 
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In    BWftl  liqoxdfl    the    two    myio-hyoid   musclos    form    a 

diaphragm  below  the  anterior  part  of  the  mouth.  The  stylo-glossi 
dt.uv  i!  backwards  ana  elevate  its  base;  the  two  hyo-glossi 

act  with  these,  pulling  th«  tongue  backwards  and  downwards.  The 
action  of  these  muscles  resembles  that  of  a  force-pump  projecting  the 
m.iHs  of  fluid  down  into  the  oesophagus;  it  reaches  the  cardiac  orifice 
with  great  speed,  and  the  pharyngeal  and  (esophageal  muscles  do  not 
com  tract  on  it  at  all,  hut  are  inhibited  during  the  passage  of  the  fluid 
through  them  (Kioneckeri. 

This  in  proved  in  a  striking  way  in  cases  of  poisoning  hy  corrosive 
substanceR  like  oil  of  vitriol ;  tins  mouth  and  tongue  are  scarred  and 
burnt,  but    the    pharynx  and    oesophagus  escape   serious   injury,  so 

idly  does  the  fluid  pass  along  them;  the  cardiac  orifice  of  the 
stomach  is  the  next  place  to  show  the  effects  of  the  corrosive. 

Thoro  is,  howover,  no  hard-and-fast  line  between  the  swallowing 
of  solids  and  fluids:  the  more  liquid  the  food  is,  the  more  does  the 
Ebxee-pump  action  just  described  manifest  itself. 


Movements  of  the  Stomach. 

Tho  gastric  fluid  is  assisted  in  accomplishing  its  share  in  diges 
by  tho  movements  of  the  stomach.  In  graminivorous  birds,  for 
example,  tho  contraction  of  the  strong  muscular  gizzard  affords  a 
necessary  aid  to  digestion,  by  grinding  and  triturating  the  hard 
seeds  which  constitute  their  food.  But  in  the  stomachs  of  man  and 
other  Mammalia  the  movements  of  tho  muscular  coat  aro  too  foeble 
to  exercise  any  Bach  mechanical  force  on  tho  food;  noifchor  aro 
t.h«v  needed,  for  mastication  has  already  done  the  mechanical  work 
of  a  gizzard ;  and  it  has  been  demonstrated  that  substances  are 
digested  oven  whon  enclosed  in  perforated  tuhos,  and  consequently 
protected   fmm  mechanical  influence. 

Whi-n  digestion  is  not  going  on,  the  stomach  is  uniformly  con- 
tracted, its  orifices  not  more  firmly  than  the  rest  of  its  walls;  but, 
if  examined  shortly  after  the  introduction  of  food,  it  is  found  closely 
encircling  it!  contents,  and  its  ui  nici's  in-'  in  ml;,  closed  like  sphincters. 
The  cardiac  orifice,  every  time  food  is  swallowed,  opens  to  admit  its 

passage  into  the  stomach,  end  immediately  again  closes.  The  pyloric 
orifice,  dming  the  first  pan  >.f  .■  i  pstion.  Is  usually  so  com- 

pletely closed,  that  even  when  the  stomach  is  separated  from  the 
intestines,  none  of  its  eonttmts  escape.  Bnt  towards  the  termination 
of  the  digestive  process,  the  pylorus  aflbu  less  resistance  to  the 
passage  of  substances  from  the  stomach  ,  first  It  yields  to  allow  the 
successively  digested  portions  to  go  through  it ;  and  then  it  allows 
tho  transit  even  of  undigested  substances.  Tho  poristaltic  action 
of  the  muscular  coat,  whereby  the  digested   portions  are  gradually 
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moved   inwards  the  pylorus,  also  ensures  tho  tdnuxttm   wiili 

the  gastric  juloa     Xb    movements  ire  i  oareeoi   u  1 1 1- 

process  of  chym  ideation  advances,  and  are  continued  until  it  ifl 
complet* 

The  contraction  of  the  fibres  situated  towards  the  pyloric  end  of 
the    stomach  is    more    energetic   and    more    decidedly    peristaltic 
than  those  of  the  cardiac  portion.     Thus,  it  was  found  in  tho  caw;  of 
St  Martin,  that  when  tho  bulb  of  a  thermometer  was  placed  ftb< 
thie  B  from    tlic  pylorus,   through  the  gastric    fistula,  it  was 

lightly  embraced  from  time  to  time,  and  drawn  towards  the  pyloric 
onflee  for  a  distance  of  three  or  four  inches.  The  object  of  this 
movement  appears  to  be,  as  just  said,  to  carry  the  food  towards  the 
pylorus  as  fast  as  it  is  formed  into  chyme,  and  to  propel  the  chymo 
into  the  duodenum;  tho  undigested  portions  of  food  are  kept  hack 
until  they  are  also  reduced  into  chyme,  or  until  all  that  in  digestible 
has  passed  out.  Tlic  action  of  these  fibres  is  often  seen  in  the  con- 
tracted state  of  the  pyloric  portion  of  the  stomach  After  death,  when 
it  alone  is  contracted  and  lirm,  while  tho  cardiac  portion  forms  a 
dilated  Bac.  Sometimes,  by  a  predominant  action  of  strong  circular 
litres  placed  between  tho  cardia  and  pylorus,  tho  two  portion!,  or 
ends,  as  they  aro  called,  of  tho  stomach,  aro  partially  separated  from 
each  other  by  a  kind  of  hour-glass  contraction. 

The  subject  has  recently  been  taken  up  by  Cannon.  He  gave 
an  animal  food  mixed  with  bismuth  subnitrate,  and  obtained  by  the 
RAntgen  rays  shadow  photographs  of  the  stomach,  because  the  bismuth 
silt  renders  its  contents  opaque.  His  results  mainly  confirm  thoee 
of  the  earlier  investigators;  the  principal  peristalsis  occurs  in  tin 
pyloric  portion  of  the  stomach.  The  cardiac  portion  presses  steadily 
on  its  contents,  and  as  they  become  chymitc  I,  urges  them  onwards 
towards  the  pyloric  portion ;  tho  latter  empties  itself  gradually 
through  the  pylorus  into  tho  duodenum,  and  in  tho  later  stages  of 
11  the  <  ardJAti  part  also  is  constricted  into  a  tube. 

Under  ordinary  circumstances,  three  or  four  hours  may  be  taken 
as  the  average  time  occupied  by  the  digestion  of  a  moal  in  the 
stomach.  But  the  digestibility  and  quantity  of  the  meal,  and  the 
state  of  body  and  mind  of  the  individual.  rtant  causes  of 

variation.  Tho  pylorus  usually  opens  for  the  first  time  about  twenty 
minutes  after  digestion  begins;  it,  however,  quickly  closes  again. 
rbeeoid  rhyme  provides  a  chemical  stimulus  for  pancreatic  secretion, 
and  the  strongly  alkaline  pancreatic  juice  neutralises  it;  as  soon  as 
the  intestinal  contents  are  neutral,  the  pylorus  again  openB,  more 
Id  chymo  is  thrust  into  the  duodenum;  more  pancreatic  juice 
provided ;  and  so  on  until  tho  stomach  is  finally  emptied. 

Influence  of  the  Nervous  System. — The  normal  movements  of 
the  stomach  during  gastric  digestion  are  in  part  controlled  by  tho 
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plexuses  of  nerves  ami  ganglia  contained  in  its  walls.  The  stomach 
is  also  connected  with  the  higher  nerve-centres  by  means  o! 
branches  of  the  vagi  and  of  the  splam  ihnio  nerves  through  the  solar 
plexus. 

The  vagi  (especially  the  left)  contain  the  acclerator  nerves  of  the 
stomach ;  when  they  are  stimulated  the  result  is  peristaltic  move- 
ment. The  sympathetic  fibres  are  inhibitory;  when  they  are  stimu- 
lated peristalsis  ceases.  The  cell  stations  on  the  course  of  the  vagus 
tibrea  are  in  the  ganglion  trunci  vagi;  the  post-gangliouic  libres  tl 
issue  from  this  ganglion  are  non-inedullated 

The  sympathetic  fibres  leave  the  spinal  cord  by  the  anterior  roots 
of  the  spinal  nerval  from  the  fifth  to  the  eighth  thoracic.  They  pass 
into  the  sympathetic  system,  have  cell  stations  in  the  coeliac  ganglion, 
and  ultimately  pass  to'  the  stomach  by  tho  splanchnic  nerves. 

It  seems  probable  that  automatic  rhythmical  contraction  is  inherent 

I  ho  muscular  coat  of  the  stomach,  and  that  the  central  nervous 
system  is  only  employed  ilate  it  by  impulses  passing  down  by 

or  splanchnic  nerves. 

The  secretory  nerves  of  the  gastric  glands  are  treated  on  p.  485. 

VOMITIKG. 

The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like 
of  mucus  or  other  matter  from  the  lungs  in  coughing,  is  preceded 
inspiration  ;  the  glottis  is  then  closed,  and  immediately  after- 
wards tho  abdominal  musclos  Btrongly  act;  but  here  occurs  the 
difference  in  the  twp  actions.  Instead  of  the  vocal  cords  yielding  to 
the  action  of  the  abdominal  muscles,  they  remain  tightly  closed. 
Thus  the  diaphragm,  being  unable  to  go  up,  forms  an  unyioldiny 
surface  againBt  which  the  stomach  can  be  pressed.  At  the  same 
time  the  cardiac  sphincter  being  relaxed,  and  the  orifice  wh 
naturally  guards  being  dilated,  while  the  pylorus  is  closed,  and  the 
stomach  itself  also  contracting,  the  action  of  the  abdominal  muscles 
expels  Che  contents  of  the  organ  through  the  oesophagus,  pha 
ana  mouth.  The  reversed  peristaltic  action  of  the  oesophagus 
possibly  increases  the  effect 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite 
passive  daring  vomiting,  and  that  the  expulsion  of  its  contents  is 
effected  solely  by  tho  pressure  exerted  upon  it  when  the  capacity  of 
the  abdomen  is  diminished  by  tho  contraction  of  the  diaphragm,  and 
sulisoquentiy  of  tho  abdominal  muscles.  The  experiments  and 
observations,  however,  which  are  supposed  to  confirm  I  his  Stab  I 
only  show  that  the  contraction  of  the  abdominal  musolefl  alono  is 
infncrient  to  expel  matters  from  an  unresisting  bag  through  the 
oesophagus ;  and  that,  under  very  abnormal  circumstances,  the  stomach, 
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by  it-self,  cannot  expel  its  contents.  They  by  no  means  show  t:. 
ordinary  vomiting  the  stomach  is  passive,  for  there  are  good  reasons 
for  believing  the  contrary.  In  some  cases  of  violent  vomiting  the 
Dontanti  of  the  duodenum  are  pissed  by  anti-peristalsi*  into  the 
stomach,  and  are  then  vomited.  Whore  there  is  obstruction  to  the 
intestine,  as  in  strangulated  hernia,  the  total  contents  of  the  small 
intestine  may  l«e  vomited. 

Nervous  mechanism. — Some  few  persons  possess  the  power  of 
vomiting  at  will,  or  tho  power  may  bo  acquired  by  effort  and  practice. 
But  normally  the  action  is  a  reflex  one. 

The  afferent  nerves  are  principally  the  fifth,  and  glosso-pharyngeal 
(as  in  vomiting  produced  by  tickling  1 1 n»  fauces),  and  the  vagus  (as 
UI  v umiting  produced  by  gastrio  irritants);  but  vomiting  may  occur 
from  stimulation  of  other  sensory  nerves,  e.g.,  those  from  the  kidney, 
uterus,  testicle,  etc.  The  centre  may  also  be  stimulated  by  im- 
pressions from  the  cerebrum  and  Hum,  producing  Bo-called 
central  vomiting  occurring  in  diseases  of  those  parts. 

The  centre  for  vomiting  is  in  the  medulla  oblongata,  and  coincidi m 
with  the  centres  of  tho  nerves  concerned. 

The  efferent  (motor)  impulses  are  carried  by  tho  vagi  to  tho 
stomach,  by  tin-  |  to  the  diap  (oill  Otbei 

spinal  nerves  to  the  abdominal  muscles. 

Umetus. — Some  emetics  produce  vomiting  by  irritating  the 
stomach ;  others,  like  tartar  emetic,  apomorphine,  etc.,  by  stimulating 
the  vomiting  centre. 


Movements  of  the  Intestines. 

Tim  movement  of  the  intestines  is  j^ri&taltic  or  vermicular,  and  is 
effected  by  the  alternate  contractions  and  dilatations  of  successive 
>ns  of    the    muscular    coats.     The   contractions,  which    may 
QOmmi  .my  point  of  the  intestine,  extend  in  I  wave-like  manner 

along  the  tuba     Tiny  BON  similar  to  what  we  have  described  in  the 
neopnagua     In  anygivei  ,  the  longitudinal  mueonlar  fibres 

than  tin-  i.iiriilar ;  tliey  draw  a  portion  "f  the 
intestine  upwards,  over  the  substance  to  be  propelled,  and  then  the 
i-iii'iil.u  fines  of  tho  &nme  portion  contracting  in  succession  from 
above  downwards,  pirss  thfl  substance  into  the  portion  next  below,  in 
which  at  ODOfl  the  same  succession  of  aotifHU  "■" '  anauea  i 
movements  take  place  slowly,  and,  in  health,  commonly  give  rise  to 
no  sensation ;  but  they  are  perceptible  when  they  are  accelerate*! 
under  the  tnflnenoi  of  any  irritant. 

The  mi  of  the  intestines  are  sometimes  retrograde;  and 

is  do  hindrance  to  tho  backward  movement  of  the  contents  of 

the  small  intestine,  as  in  cases  of  violent  vomiting  just  referred  to. 
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But  almost  «    bo mi ty  is  afforded  against  the  passage  of 

contents  of  the  largo  into  the  small  intestine  by  the  ileocecal  valve; 

Proceeding  from  above  downwards,  the  muscular  filings  of  the 
Luge  intestine  become,  on  the  whole,  stronger  in  direct  proportion 
to  tho  greater  strength  required  for  the  onward  moving  of  tin 
which  n  i  gradually,  owing  to  the  absorption  of  water,  becoming 
firmer.  The  greatest  strength  is  in  the  rectum,  at  the  termination  of 
which  tin"  circular  un striped  muscular  fibres  form  a  strong  band 
called  the  in Urnal  spliinct<  Qfl  an  external  sphinx  -cle 

with  Striped  fibres  IS  placed  rath.  I  no,  Bod  more  externally, 

sad  holds  the  orifice  closed  by  a  constant  slight  tonic  contraction. 

Nervous  mechanism — Experimental  irritation  of  tho  braii 
cord  produces  no  evident  or  constant  effect  on  the  movements  of  the 
intestines  during  life ;  yet  in  consequence  of  certain  mental  conditions 
the  movements  are  accelerated  or  retarded ;  and  in  paraplegia  the 
intestines  appear  after  a  time  much  weakened  in  their  power,  and 
costivonoss,  with  a  tympanitic  condition,  ensm 

As  in  tho  case  of  the  oesophagus  and  stomach,  the  peristaltic 
movements  of  the  intestines  may  be  directly  sit  up  in  tl  ilar 

fibres  by  the  presence  of  food  or  chyme  acting  as  the  stimulus.     Few 
or  no  movements  occur  wi i  intestines  are  empty. 

The  small  intestines  are  connected  with  bhs  central  nervous 
system  by  the  vagi  and  by  the  splanchnic  nerves.  The  fibres  which 
leave  the  medulla  in  the  vagal  rootlets  are  tine  modullated  ones:  they 
Srboriss  around  cells  in  tho  gangliou  trunci,  whence  non-medulht; 
fibres  Continue  the  impulse  to  the  intestinal  walls;  I. hoy  paSfl  Through 
i  ho  solar  plexus,  but  are  not  conneetod  with  nerve-cells  in  that  pie v 
In  animals  stimulation  of  the  pneumogastric  nerves  induces  peri- 
staltic movements  of  tho  intestinea  If  the  intestines  are  contracting 
peristaltically  before  the  stimulus  is  applied,  the  movements  are 
inhibited  for  a  brief  period,  after  which  they  arc  greatly  augmented. 
The  sympathetic  i i  1  • .  fl     the  euid   Bfl  line   rnedullated  fibres  by 

the  anterior  roots  IrOB  the  sixth  thoracic  to  the  first  lumbar,  pass 
through  the  lateral  chain,  but  do  not  reach  their  cell-stations  until 
they  arrive  at  the  superior  mesenteric  ganglia  :  thence  they  pass  as 
iiori-medullatod  fibres  to  the  muscular  soato.  Stimulation  of  these 
fibres  causes  inhibition  of  any  peristaltic  movements  that  may  bo 
present.  These  nerves  also  contain  vaso-motor  fibres,  and  section  of 
these  leads  to  vaso-dilatation  and  a  great  increase  of  very  wat 
succiis  entoriens. 

Peristalsis  in  the  small  intestine  can  be  nxeiU'd  artificially  even 
when  all  nerves  running  to  it  from  the  central  nervous  .system  have 
been  cut  through-  After  pinching  any  p.utieidar  .spot,  a,  wave  of 
inhibition  travels  downwards,  and  a  wave  of  contraction  upwards. 
(Starling.) 
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In  the  case  of  the  largo  intestine  there  is  no  supply  from  tho  vagus. 
I ;i  infolJOT  meOOPtOric  nerves  are  inhibitory  in  function,  ami  the 
jM-lvic  norves  take  tho  place  of  the  vagal  fibres  as  excitatory :  this 
rofore  to  both  coats  of  tho  muscular  wall.  If  ono  pinches  any  parti- 
cular spot*  the  upward  wave  of  contraction  is  not  so  marked  as  in 
the  small  intestine,  but  the  downward  travelling  wavo  of  inhibition 
is  well  seen. 

duration  of  Intestinal  Digestion.— ■The  tiino  occupied  by  the 
journey  of  a  givon  portion  of  food  foam  iho  stomach  to  the  anus, 
varies  considerably  oven  in  health,  and  00  this  account  probably  it  is 
that  such  different  opinions  have  been  expressed  in  regard  to  lbs 
subject.  About  twelve  hours  are  occupied  by  the  journey  of  an 
nnlinarv  meal  through  tho  small  intestine,  and  twenty-four  to  thirty- 
six  hours  \<\  the  passage  through  the  large}*) 

Drugs  given  for  relief  of  diarrhoea  or  e  >n  set  in  various 

way 8!  Homo  inthiriirc   ih.-  lunuunt  of  secretion  and   thus  inn 
diminish  the  fluidity  of  tho  intestinal  contents;  others  acting  on  the 
mn.-  sue  or  its  norves  increase  or  diminish  pi-iistalsis. 

The  dUCtlptio  -n  of  the  fs  relates  to  the  principal 

movement  obli  Id"  rate  Of  propa- 

gation of  the  peristaltic  wave  is  slow  bo!   variable :  it   m.iy  '"     ls  small  as  I  e.    | 
metre  p<*  innint.-. 

SL-irling  "i  Ins  recent  work  on  tlie  subject  lias  called  attention  to  aintlier  kind  of 
movement  which  he  tern  These  movements,  and 

ttlsothr  trin ■  [m -ri.it  iUk  ■  o-^.muy  be  seen  in  the  small  intt-stincinn  wariii.saiiue  bath 
even  after  all  the  nerves  cOBBBCtlng  them  to  tin-  central  nervou  Iteen 

cut  til  rough  ;  the  pciulnlum  DBOTCUMntl  consist  Ol  iflgjM  VkVM  oi  contraction  affect- 
ing both  muscular  coats,  and  these  are  rapidly  propagated  iit  the  rate  uf  '.i  b»  E  < 
metres  per  second.     They  cause  a  movement  of  the  intestines  from  side  to  side,  and 
00001  >t  regular  intervals  of  [>  or  6  seconds     Their  use  appears  to  bring  about  a 
mixing  of  the  inti-stiu.il  contents ;  they  are  not  able  tn  move  r  1 1.  -  contents  onward*. 

Tn  y  differ  from  the  true  peristaltic  waves  in  being  wiffOfmh  .  that  is,  they  are 
ilinr  to  the  rliytliiuii  ality  of  the  muscular  fibres  themselves.,  and  MB  propagutol  from 
one  muscular  fibre  to  another.  They  are  not  abolished  by  painting  the  intestine 
Willi  r  by  an  injection  of  nicotine.     Th?  true  peristaltic  waves  cease  under 

the-  - .  and  they  are,  therefore,  co-ordinated  rvlh-x  actions,  but  as  they 

continue  after  all  nerves  CoaDectlog  the  intestines  to  the  central  nervous  system  are 
severed,  they  must  b^  carried  out  by  the  local  nervous  ffitrhtntl  m,  I  !n  (l  the  only 
example  known  of  a  true  reflex  action  dependent  on  peripheral  nervous  structures. 

Intestinal  Oncometer.  To  study  the  volume  changes  of  vascular  origin,  a 
loop  of  intestn.  ii  no  oncometer  like  that  described  on  p,  163 (flft  170), 

This  is  a  most  valuable  application  of  plethysmography,  for  the  loop  gives  an 
accurate  record  of  what  is  occurring  in  the  splanchnic  arm! 

Defalcation, — Tho  act  of  the  expulsion  of  faxes  is  in  part  due  to 
increased  reflex  peristaltic  action  of  the  lower  part  of  tho  large 
intestine,  namely,  OS  the  sigmoid  floxuro  aud  roctuiu,  and  in  part  to 
the  action  of  tho  abdominal  muscles.  Tn  the  case  of  activo  voluntary 
efforts,  there  is  usually,  first,  an  inspiration,  as  in  tho  case  of  coughing, 
sneezing,  and  vomiting;  tho  glottis  is  then  closed,  and  the  diaphragm 
fixed.     Tho  abdominal  muscles  arc  contracted,  as  in  expiration  ;  but 
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as  tho  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  the 
abdominal  contents.     The  sphincter  of  tho  rectum  being  relaxed,  the 
evacuation  of  its  contents  takes  place  accordingly,  the  effect  to 
increased  by  the  peristaltic  action  of  the  intestine. 

Nervous  Mechanism. — The  anal  sphincter  muscle  is  normally  in  a 
state  of  tonic  contraction.  The  nervous  centre  which  governs  i 
contraction  is  situated  in  tho  lumbar  region  of  tho  spinal  cord,  inas- 
much as  in  cases  of  division  of  the  cord  above  this  region  the  sphi 
ter  regains,  after  a  time,  to  some  extent  tho  tonicity  which  is  lost 
immediately  after  the  operation.  By  an  effort  of  the  will,  acting  on 
the  centre,  "the  contraction  may  be  relaxed  or  increased.  Such  volun- 
tary control  over  the  act  is  obviously  impossible  when  the  cord  is 
■  In  i  i  ordinary  cases  the  apparatus  is  set  in  action  by 

gradual  accumulation  of  fasces  in  the  sigmoid  flexure  and  rectum, 
pressing  by  the  peristaltic  action  of  these  parts  of  the  large  intestine 

i riBt  tho  sphincter,  and  causing  by  reflex  action  its  relaxation, 
this  sonsory  impulse  acts  upon  the  brain  and  roflexly  through  the 
spinal  centra  At  the  sanui  time  that  tho  sphincter  is  inhibited  or 
relaxed,  impulses  pass  to  the  muscles  of  tho  lower  intestine  increas- 
ing thoir  peristalsis,  and  to  the  abdominal  muscles  as  wolL 

Both  inhibitory  and  motor  fibres  for  the  lower  part  of  the  intes- 
tine leave  the  cord  by  anterior  roots  lowor  than  those  which  con! 
the  fibres  for  tho  small  Intestine.     The  cell-stations  aro  situated  in 
tho  Eufei iw  caasenteriegsiigliii.ni  ulnnu  i  a  of  the  colonic  or 

hypogastric  mi .  Che  lowerportdon  of  the  large  intostine  resembles 
the  oesophagus  in  being  more  under  oxternal  nervous  control  than 
tho  small  intestine. 
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This  consists  of  the  kidneys;  dram  eaafa  a  tube  called  the  ureter  leada 
to  the  bladder  in  which  the  urine  is  temporarily  stored ;  from  the 
Milder   a   duct   called    the    urethra 
leads  to  the  exterior. 

The  Kidneys  are  two  in  number, 
and  are  situated  deeply  in  the  lumbal 
region  of  the  abdomen  on  either  side 
of  the  spinal  aofattn  behind  the  peri- 
toneum. They  <■-  ad  in  position 
to  the  last  dorsal  and  three  upper 
lumbar  vertebra;  the  right  is  slightly 
below  the  left  in  consequence  of  the 
position  of  the  liver  on  the  right  side 
of  the  abdomen.  They  are  about  4 
inches  leng,  24  inches  broad,  and  1^ 
inch  thick.  The  weight  of  each 
kidney  is  about  44  oz. 

Structure. — The  kidney  is  covered 
by  a  fibrous  capsule,  which  is  slightly 
attached  at  its  inner  surface  to  the 
proper  substance  of  the  OtgKB  by 
means  of  very  fine  bundles  of  areolar 
i.  issue  and  orinute  blood-vessels. 
(from  the  healthy  kidney,  therefore, 
it  may  be  easily  torn  off  without 
much  injury  to  the  subjacent 
tical  portion  of  the  organ.  At  the 
kilus  of  the  kidney,  it  becomes  con- 
tinuous with  the  external  ,•  ,  .he  uppej  and  dilated  part  of  the 
ureter  (fig.  412). 

idiug  the  kidney  intO  two  aqual   [ruts  by  a  section  carried 
through  its  long  convex  border  it  is  seen   to  be  OOffl]  t   two 
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portions  tatoA  respectively  rvrtvnl  and  mtdmOmry;  the  Utter  is 
composed  of  *ix/u;  a  dozen  conical  boodle*  of  urinary  tubules,  each 
bundle  forming  what  w  called  a  pyramid.  The  upper  park  of  the 
%rtUr  or  dtsct  of  the  organ  is  dilated  into  the  pdtit;  and  this,  again, 
after  separating  into  two  or  three  principal  divisions,  is  finally  sab- 
Id  into  still  smaller  portions,  varying  in  number  from  about  8 
to  12.  colled  calycea.  Each  of  these  little  calyces  or  cups  receives  the 
smtty  h r  papilla  of  a  pyramid.  The  number  of  pyramids 
varift*  in  diff  male ;  ia  some  there  is  only  one. 

The  kidney  is  a  compound  tubular  gland,  and  both  its  cortical 
ami  medullary  portions  are  composed  of  tubes,  the  tuhuJi  uriniferi, 
wlii'.li,  l.y  one  extremity,  in  the  cortical  portion,  commence  around 

tufts  of  capillary  blood-vessels,  called  Mal- 
pvjhian    bodUi,  and,  by    the    other,    open 
>igh  the  papilla-  into  the  pelvis  of  tbo 
!   thus  discharge  the  urine  which 
_/      \  vg    through     them.      Thoy    are     bound 

V-".''  together  by  connective  tta- 

XT  I»  the  pyramids  the  tubes  are  strai 

— uniting  to  form  larger  tubes  as  I 
scend  through  these  from  the  cortical  por- 
,  don;  while  in  the  latter  region  they  spread 

more  irregularly,  and  become  much  cou- 
s^  rolntod        Bui  in  tho  Itoundary  zone  betWl 

"'    .-   "j       i-uiii-.v    and    medulla,   small     tollectiona   of 
Straight  tubes  called  medullary  ray 
Into  the  cortical  region. 

Tubuli  Uriniferi.— The  tubuli  urinifen" 
417)  are  composed  of  a  basement  mem- 
brane, lined  internally  by  epithelium.    They 
v:irv  oonaiderably  in  sLn  in  different  parte 
i.i  their  oonTBe,bd  are,  on  an  average, about 
,;,,,  pj  .in  in.  ii  i  '   nan  j  in  diameter, ai  wind  to  be  made  up 

of   several   distinct   portions    which   dttfer   fiom   one   another   vory 
II  v    In. ill   in     ii  nation  aiul  structure. 

I       i         in     mi  i.l uox  as  a  dilatation  called  the  Capsule  of 

iIim  imicIosos  a  tuft  or  glamintina  of  capillaries  called  a 

The  tubule  the  capsule  by  a  neck,  and 

tli  m  luted    (Jirst  convoluted   tubule),   but   soon   after 

"8  noarlv  I,  or  slightly  spiral  (spiral  tubule) ;  then  rapidly 

narrowing  it  paseoe  down  into  the  medulla  or  th  \ding  tubule  of 

ins  round,  farming  a  loop  (loop  of  Ilenle),  and  passes 

up  tn  the  cortex   again  as  the  tts&nding  tubuli  ■■'  limit.     It  then 

regular!}  ubulc)  and  again 

Eventually   it  narrows    into   a 


i 
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junctional  tubule,  which  joins  a  straight  or  collecting  tubule.     This 
passes  straight  through  the  medulla,  whore  it  joins  with  othors  to 


u. -A    diagram    <•<    U>«    urluifaruoi    tub**.     A,  cartas    luuiu*l    niuniaLly    by    Ike    capsule; 
■   anbrapiular  layer  not  eontai  lutn  .-  OWa« •:    . ,  ir ,  iuiht  «tr»tum  of  60IKX,  alao  without 

Malpigbian  rapau>« ;  U.  buninUry  lay.*;  c.  medullary  p*rt  D>Krt  the  boundary  l«yer;  l,  Bowman't 
Mpaulfl  of  MaJpvhlan  earuuela;  f,  twek  of  e»|i*iil>;  S.  Brit  coaroluted  tatmlt;  I,  aplrml  tubule; 
5,  dear-.ti.tinj;  Ilin b of  llmlr.  loop;  n,  i    i     i  7,  thick  part  of  Hi«  »»cruJltin  l:mb ;  8,  spiral 

part  of  aai-wncilnj  limb  ;  l>,  narrow  aaramdii  lollary  ray ;  10,  the  xig/ac  tabu)*  ;  II, 

lobule;  13,  Mi-  •-'/ll-tinj:  lubulc  Jf  the  medullary 
ray  ;  14.  tha  collecting  tube  of  the  boumlary  lnyrr  ;  II,  duet  of  Bellini.    (K 

ini  in  on*-!  >'f  ihii  duets  of  BeUim  that  open  it  fchs  Lvpei  of  the  pyramid. 
These  parts  are  all  shown  in  lig.  414. 
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The  character  of  the  epithelium  that  lines  these  scvei.il  parti  of 
the  tubules  is  as  follows:— 

In  the  capsule,  the  epithelium  is  flattened  and  reflected  ovei 
glomerulus. 

The  way  in  which  this  takes  place  in  process  of  dovolopmont  is 
shown  in  figs.  415  and  416. 

In  the  neck  the  epithelium  is  still  flattened,  but  in  some  animals, 
lik.'  frogs,  where  the  neck  is  longer,  the  epithelium  is  cilia) 

In  iheyirs/  convoluted  and  spiral  tubules,  it  ia  thick,  and  the  colls 


Flo.  «16.— Tranararse  Indian  of  ■  *rr»- 
loping  Malplghlan  mjmite  and  tnlt 
(human).  >  100.  From  a  fortua  at 
ahnut  th«  f.JurUi  monUi ;  a,  llau«i"l 
mll»  growing  to  tons  tlir  capaola; 
»,  more  nain4«l  wlla:  oouusiaou* 
wttii  tiw  atof*.  rail*)!*!  roiiwl  e,  awl 

final!/  *uv«)o{ilnv.  nfnn- 

iO'wi"'  clU  *hl'  ■ 

itavelopad    Into   blood- vanoU.      (W. 


>i«.-BpitlH>Ual«kfli40U0f  a  Malpi- 
Kblan  capaola  oikI  tuft,  with  the  turn- 
niancctnani  of  a  urinary  tubal*  allow- 
ing tb«»IT«n>nt  and  aflaraDtvi***!;  ». 
layar  of  flat  t pUhWhua  formim  tho 

Saul* ;  :•,  •inn!  xi,  tml  ralhar  larrac 
v*itathn  walla  of 
ttih" ;  e  Colin,  comrtnc  th«  raaaali 
'  capillary  tuft;  d,  commanoa- 
riwnt  of  tha  luUilo,  aomrwhat    n«i- 
Ihaa  tha  ml  of  It.     (W.  Pjr»). 


show  a  librillatod  structure,  except  around  the  nucleus,  where  the 
protoplasm  is  granular.  The  cells  interlock  laterally  and  are  difficult 
to  isolate.  In  some  animals  they  are  described  as  ciliated.  In  the 
narroxo  descending  tubule  of  ffenle  and  in  the  loop  itself,  the  cells  are 
clear  and  flattened  and  leave  a  considerable  lumen  ;  in  the  ascending 
limb  they  again  becomo  striated  and  nearly  till  the  tubule.  In  tho 
zigzag  and  second  convoluted  tubules  the  fibrillations  become  even  more 
marked.  The  junctional  tubule  has  a  large  lumen,  and  is  lined  hy 
clear  flattened  cells;  the  colliding  tubules  and  ducts  of  Bellini  are 
lined  by  clear  cubical  or  columnar  cells. 

Blood- Vessels  of  Kidney — The  renal  artery  enters  the  kidney 
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i  .      Fivm  I  vertical  aedloii  tlWOafh  <-\>"  ki'lney  Ufa  ring—  lb*  ra|«uU  or  -l.l.-li  la  •itppcoad  Ui  b* 

or.  the  right,  n.  thn  raplllariea  of  the  MalMghlen  oofpoaCM,  woleli  or*  arranged  In  lobuloe ;  n,  neck 
of  capanle ;  <■,  ronrolatod  in  ha*  cnt  In  varioua  direction* ;  b,  xijpcag  t*ilnil«  ,  a,  ',  an»l/,  *r«  attaint 
tube*  In  a  m/i/uUary  ray .  d.  collecting  tube;  r,  »iiinU  lube;  /,  barrow  taction  of  aaoaodtog Hub. 
X  B80.     (Kle.n  and  ffoM 


Kw.  41a.— Tras.avana  aaction  of  a  renal  papilla  !  n,  large  lube*  oc  dueta  of  Ueilinl :  h,  t,  and  J.  anaUer 
lab**  of  Hanlo ;  t,  /,  blood  capillar!**.  dutUiKui*.nd  Vi  their  llalter  epithelium.    (Cartial.) 
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at  the  hilus,  and  divide!  into  branches  tliat  |»ss  towards  »x, 

then  turn  over  ami  form  incomplete  arches  in  the  region  between 
cortex  and  medulla.     From  these  arches  vessels  pass  to  the  surface 

which  are  called  the  interlobular 
arterus;  they  give  off  vessels 
at  right  angles,  which  are  the 
afferent  vessels  of  (he  glomervli ; 
a  glomerulus    is    made    up    of 

Ilaries  as  previously  sta 
From  each,  a  smaller  vessel  (the 
efferent  vessel  of  the  glomerulus) 
passes  out,  and  like  a  portal 
vessel  on  a  small  scale,  breaks 
up  once  more  into  capillaries 
which  ramify  between  the  con- 
voluted tubules.  These  unit 
form  veinB  (interlobular  veins) 
which  accompany  the  inter- 
lobular arteries,  they  pass  to 
venous  arches,  parallel  to,  but 
more  complete  than  the  corre- 
sponding arterial  arches;  they 
ultimately  unite  to  form 
renal  vein  that  leaves  tho  hilus. 
•o  veins  receive  alBo  others 
which  have  a  stellate  arrange- 
ment, near  the  capsule  (vena: 
stsllula). 

The  medulla  is  supplied  by 
pencils  of  fine  straight  arterioles 
which    arise   from  tho  arterial 
arches.     They  are  called  arterial 
recta".     Tho    efToront   vessels   of 
glomeruli  nearest  the  me- 
■  litlla   may  also   break    up    into 
ilar  vessels  which  are  called 
false  arteria  recta.     Tho  veins 
(vena:  recta)  take  a  similar  course 
and  empty  themselves  into  tho 
venous  arches.    In  tho  boundary 
znno  groups  of  vasa  recta  alter- 
nate, with  groups  of  tubules,  and  givo  a  striated  appearance  to  this 
portion  ei  tag  iiie,(inii.i 

The  Ureters — The   duct  of   each   kidney,  or   ureter,  is   a    tube 
about  the  si  post-quill.  Find  from   twelve  to  sixteen  inches  in 


•  x«cul*r   »upp!y  vt  kWucy.    a,   | 
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length,  which,  continuous  abovo  with  the  pelvis,  ends  below   bj 
forating  obliquely    the   will.-   "I  tin-   bladder,  and  opening   <<n  ii.s 
internal  hut  I 

it  ia  constructed  of  three  coats:  (a)  an  outer  fibrous  coat;  (5)  a 
middle  muscular  coat,  of  which  the  fibres  are  unstriped,  and  ai; 
in  throe  layers — the  fibres  of  the  central  layer  being  circular,  and 
those  of  the  other  two  longitudinal  in  direction;  the  outermost 
longitudinal  layer  ia,  however,  present  only  in  the  lower  part  of 
the  ureter;  and  (c)  a  mucous  membrane  continuous  with  that  of 
the  pelvis  above,  and  of  the  urinary  bladder  below.  It  is  com- 
posed of  areolar  tissue  lined  by  tr.msii.il  ii A 
epithelium. 

The  Urinary  Bladder,  which  forms  a 
receptacle  for  the  temporary  lodgment  of  the 
urine,  is  pyriform ;  its  widest  part,  which  is 
situate  abovo  and  behind,  is  termed  the 
fundus;  and  tho  narrow  constricted  portion 
in  fi  IriIow,  by  whii  ih  it  becomes  con- 

tinnoOB  with  the  untln.i,  is  called  its  cervix 
or  nrck. 

It  is  constructed  of  four  coats, — serous, 
muscular,  areolar  or  submucous,  and  mucous, 
(a)  The   serous   coat,  which   covers    only   the 

posterior  and  upper  pact  oJ  the  bladd 

tho  same  structure  as  tho  peritoneum,  with 

which  it-  is  i.ont  unions.  (l>)  The  fibres  of  tho 
rular  coat,  which  are  unstriped,  are 
I.  ranged  in  three  layers,  of  which  the  exter- 
nal and  internal  have  a  general  longitudin.il, 
and  the  middle  layer  a  cirenlv  direction. 
The  latter  are  especially  developed  around 
the  cervix  of  tho  organ  and  form  the  sphincter 
vesica,  (r)  Tho  areolar  or  submucous  coat  is  constructed  of 
naotave-tlSBUe  wild  .1   I.it_r   portion  of  nlastic   fibres.      {(I)  The  vi-uemm 

membraoeie  like  that  of  \  era    It  is  provided  with  mneotu 

glands,  which  are  most  numerous  near  tin  aaok  of  the  bladder. 

The  bladdor  is  well  provided  with  blood-  and  lymph-vessels,  and 
with  nerves.  The  latter  consist  of  branches  from  tin:  sarral  ami  hypo- 
gastric plexus..:*.  UaiiLrliini  nils  air  found,  here  and  there,  on  the 
course  of  the  nerve-fibres. 

The  Urethra. — This  occupies  the  centre  of  therm-pus  spongiosum 

in  the  male.    As  it.  paeBet  through  the  prostate  it  is  Lined  by  tranat- 

ii"iial,  Dot  elsewhere  by  columnar  epithelium,  except  near  the  orifice, 
where  it  is  stratified  like  the  epidermis  with  which  it  l>ecomes  con- 
tinuous.    Tho  female  urethra    has  .stratified  epithelium  throughout. 


.1,1      :,„r      (,,- 

roimiun  of  Urn  lUlf-lKblan 
budjr  U>  the  urinihroua  <IucU 
and  bluodvemab.  a,  one  of 
llic  inUrlobular  »rT*rw»:  ■*, 
afferent  artery  i«jshig  into 
rnlus;  e. cupiule of 
the  Malplgblan  body,  form- 
InKtbeeoaimrnremenlof  and 
conUnaou*  « lth  l,  the  urtnl- 
faraui  tuba;  c\  f,  etterept 
veawls  vhirh  nnb.li. 
form  a  I'lnxu*.  p,  atinvund- 
tng  the  tub?,  an'l 
terminate  in  the  bram  n  M 
tue  renal  vein  i.   (After  bow- 
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Into  tho  urethra  open  a  number  of  oblique  recesses  or  lacuna,  a 
iiuinW  of  small  mucous  glands  (glands  of  Littre),  two  compound 
racemose  glands  (Cowpor's  glands),  the  glands  of  tho  prostate,  ami 
the  vas  deferens.  The  prostate,  which  surrounds  the  commencement 
of  the  male  urethra,  is  a  muscular  and  glandular  mass.  Its  glands 
arc  tubular  and  lined  by  columnar  epithelium. 

Tub  Functions  of  the  Kidneys. 

The  main  function  of  tin:  kidneys  is  to  separate  tho  urine  from 
the  blood  The  true  secreting  part  of  tho  kidney  is  the  glandular 
epithelium  that  lines  the  convoluted  portions  of  the  tubulrs;  then 
is  in  addition  to  this  what  is  usually  termed  the  filtering  apparatus: 
we  have  already  seen  that  the  tufts  of  capillary  blood-vessels  called 
the  Malpighian  glomeruli  are  supplied  ^%- i t Ii  afferent  vessels  from  the 
renal  artery ;  the  efferent  vessels  that  leave  these  have  a  smaller 
calibre,  and  thus  there  is  high  pressure  in  the  Malpighian  capillaries. 
Certain  constituents  of  the  blood,  especially  water  and  salts,  pass 
through  the  thin  walls  of  these  vessels  into  the  surrounding  Bowman's 
capsule  which  forms  the  commencement  of  each  renal  tabula,  Though 
the  process  which  occurs  here  is  generally  spoken  of  as  a  filtration, 
yet  it  is  no  purely  mechanical  process,  but  the  colls  exorcise  a  selective 
influonce,  and  prevent  the  albuminous  constituents  of  tho  blood  from 
escaping.  Daring  the  passago  of  the  water  which  leaves  tho  blood 
at  tho  glomerulus  through  i hi-  rest,  ol  (be  renal  tubule,  it  gains  tho 
constituents  urea,  urates,  ete.,  which  are  poured  into  it  by  the  seen  i  in  ■ 
cells  of  the  convoluted  tubules. 

The  term  excretion  is  better  than  secretion  as  applied  to  the  kidney, 
for  the  constituents  of  the  urine  are  not  actually  formed  in  the  kidney 
itself  (as,  for  instance,  the  bile  is  formed  in  the  liver),  but  they  are 
formed  elsewhere;  tho  kidney  is  simply  the  place  whore  they  are 
picked  out  from  tho  blood  and  eliminated  from  tho  body. 


The  Nerves  of  the  Kidney. 

Nerves. — The  nerves  of  tin*  kidney  are  derived  Erom  the  i  i ;  I 
plexus  of  each  side.  This  consist*  of  both  modullated  and  nnn- 
nedhallated  aerve-fibreB,  the  former  of  varying  size,  and  ol  nerve-oaUa. 

Fibres  from  tho  anterior  roots  of  the  eleventh,  twelfth,  ami  thirteenth 
dorsal  norves  (in  the  dog)  pass  into  this  plexus.  They  are  both 
vaso-coustrictor  and  vaso-dilator  in  function.  The  nerve-cells  on 
the  course  of  the  constrictor  fibres  are  situated  in  tho  cudiac,  mesen- 
teric, and  renal  ganglia;  the  cells  on  the  course  of  the  dilator  fibres 
are  placed  in  the  solar  plexus  and  renal  ganglia. 

These  nerves  are  thus  vaso-inotnr  in  function;  wo  have  at  present 
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no  knowledge  of  true  secretory  nerves  to  the  kidney ;  the  amount  of 
arise  varies  directly  with  the  blood-pressure  in  its  capillaries. 

Increase  in  the  quantity  of  urine  accompanies  a  rise  of  ii 
capillary  pressure     This  may  bo  produced  by  increasing  the  g 
blond-pressure;  and  this  in  turn  may  bo  produced  in  the  fouOV 
ways : — 

(1.)  By  increase  in  the  force  or  frequency  of  tho  heart-beat. 

(2.)  By  constriction  of  the  arterioles  of  areas  other  than  that  "f 
the  kidney,  as  in  cold  weather,  when  the  cutaneous  capillaries  are 
constricted.* 

(3.)  By  incrcaso  in  the  total  contents  of  tho  vascular  system,  as 
after  drinking  large  quantities  of  fluid. 

Tho  blood -pressure  in  tho  renal  capillaries  may  also  be  increased 
locally  by  anything  which  loads  to  relaxation  of  the  renal  arterioles. 

Decrease  in  the  quantity  of  urine  is  produced  by  the  opposites  in 
each  case. 

If  the  renal  nerves  are  divided,  the  renal  arterioles  are  relaxed, 
and  pressure  in  the  renal  capillaries  is  raised,  so  thore  is  an  increased 
flow  of  urine.  This  is  accompanied  by  an  increase  iu  the  volume  of 
the  kidney,  as  can  bo  soon  by  the  oncometer. 

Stiiiuii.ii.inii  of  the  divided  nerves  produce!  a  diminution  in  the 
amount  <if  urine,  and  a  shrinkage  of  the  kidney  duo  to  a  constriction 
of  its  blood-vessels,  f 

If  the  splanchnic  nerves  are  experimented  with  instead  of  the 
renal,  the  effects  are  not  so  marked,  as  these  nerves  have  a  wide 
distribution,  and  section  leads  to  vascular  dilatation  in  the  whole 
splanchnic  area;  hence  tho  increase  in  pressure  in  the  renal 
capillaries  is  nut  bo  noticeable, 

Ponetare  of  thfl  ftoOJ  of  the  fourth  ventricle  in  the  neighliourhood 
of  the  vaso-nmtur  centre  (close  to  tin  spot)  puncture  of  which  pro- 
duces glycosuria)  leads  to  a  relaxation  Of  the  renal  arterioles  and  a 
consequent  large  increase  of  urine  (polyuria). 

Section  of  the  spinal  cord  just  beluw  the  medulla  causes  a 
cessation  of  secretion  of  urine,  beoausi  [Teat  Fall  of  general 

lilood-pressure  which  occurs.  If  tho  animal  is  kept  alive,  however, 
1 1  loud -pressure  goes  up  after  a  time,  owing  to  the  action  of  subsidiary 
vaao-motoi  centres  in  the  cord.    When  (2i  oci  urred  stimulation 

of  the  peripheral  end  of  the  out  spinal  curd  again  causes  urinary 
secretion  to  stop,  beGaUM  the  renal  artery  (like  the  other  arteries  Ox 
the  body)  i8  so  constricted  that  the  pressuro  in  tho  renal  capillaries 
B  too  low  for  secretion  to  occur. 

•  The  r.-ciprcK-.d  fectkfl  b«CW4  B  lUa  Uld  IddlMfl  irfll  be  discussed  more  fully 
Ifl  th<-  chuptcr  an  the 

t  The  nerves  also  contain  vaso-dilator  fibres,  which  arc  excited  when  n  slow 
rate  of  stimulation  in  used  (see  p.  30~J. 
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We  thus  see  that  the  amount  of  urine  varies  with  hh  mm! -pressure. 
But  Buch  a  statement  does  not  give  the  whole  truth.  Increase  of 
bk»o<J- pressure  and  an  increased  amount  of  blood  flowing  through  the 
kidney  go  together  when  the  blood  is  circulating  normally,  and  it  is 
really  the  increase  in  the  amount  of  blood  which  causes  the  rise  in 


to.  «'.d.—OMamun  tor  kUnrys  of  dlflhiwt  •!>••. 

the  amount  of  urine  secreted.  If  the  bl<MHl-pressure  is  increased 
without  allowing  the  blood  to  flow,  the  amount  of  m     ■  ifl  not 

raised.  This  can  be  done  by  ligaturing  the  renal  vein;  tlio  blood - 
proBSiire  within  the  kidney  then  rises  enormously,  but  the  lluw  of 
urine  stops. 

The  Oncometer    is   an    instrument    (-.instructed   on  plethysmo- 
graphy principles,  by  means  of  which  the  volume  of  the  kidney  is 


. «  uken  by  ran 


wllh  ili*t  of  orilnarj  bio 
'     (Roy.) 
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registered.  The  general  characters  of  this  instrument  are  described 
in  the  diagram*  on  P.  309.  The  special  form  adapted  for  the  kidney 
is  shown  in  H_'.  42:5.  An  air  oncometer  connected  with  a  Marey's 
tambotu   a  B  bellows  recorder  gives  equally  good  or  even  1 

l  Its. 

It  is  found  that  the  effect  on  the  volume  of  t  oi  dividing 
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or  stimulating  nerves  corresponds  to  blood-pressure.     A  rise  of  blood- 
presaure  in  the  renal  artery  is  produced  by  constriction  of  the  renal 
arterioles;  this  is  accompanied  by  a  fall  of  pressure  in  the  renal 
capillaries,  and  a  shrinkage  of  the  kidney.      Increase  in  the  vol" 
of  the  kidney  is  produced  by  the  opposite  circumstances. 

The  acc<nii|Mii\  ins  tracing  (fig  i"l  |  shows  that  in  a  kidney  curve 
one  gets  a  rise  of  volume  due  to  each  heart-beat,  and  larger  waves 
which  accompany  respiration.  In  many  cases  larger  sweeping  waves 
(Traube-Hering  curves)  aro  often  shown  as  wolL  If  a  kidney  curve 
is  compared  with  a  tracing  of  arterial  pressure,  it  will  be  soon  t 
the  rise  of  arterial  pressure  eoinoidtt  with  a  fall  of  the  oncograph 
lever  due  to  constriction    '  ■  "■*  the  renal  vessels. 

Diuretics  aro  drugs  which  produce  an  increased  flow  of  ni 
they  act  in  various  ways,  some  by  increasing  tho  general  blood- 
pressure,  others  by  acting  locally  upon  the  kidney  (increasing  its 
volume  as  measured  by  the  oncometer) ;  under  this  latter  head  are 
doubtless  to  be  included  some  also  wliich  act  on  the  renal  epithelium 
rather  than  on  the  blood-vessels. 


Activity  of  the  Renal  Epithelium. 

The  epithelium  of  the  convoluted  tubules  has  a  structure  which 
suggests  from  its  resemblance  to  other  forms  of  secreting  epitheliums, 
that  its  function  hero  also  is  secreting.  This  is  confirmed  by  tho 
manner  in  which  the  blood-vessels  break  up  into  capillaries  around 
these  bubultifl     . 1 1 1 1 1  is  further  confirmed  by  experiment 

H « •  i <  1  •  1 1 1 1 . i  i r i  showed  substance  called  sodium  sulphindigo- 

tate,  which  ordinarily  produces  blue  urine,  is  injected  into  the  blood 
(after  section  of  tho  medulla  oblongata,  which  causes  lowering  of  the 
blood-pressure  in  the  renal  glomeruli),  when  tho  kidney  is  examined, 
the  cells  of  the  convoluted  tubules — and  of  these  alone — aro  stain- 1 
with  tho  substance,  which  is  also  found  in  the  lumen  of  the  tubules. 
This  shows  that  the  pigment  is  eliminated  by  the  cells  of  the  con- 
voluted tubules,  and  that  when  by  diminishing  the  blood-press; 
the  filtration  of  urine  is  stopped,  the  pigmont  remains  in  tho 
convoluted  tubes,  and  is  not,  as  it  would  be  under  ordinary  circum- 
stances, swept  away  from  them  by  the  flushing  of  them  by  the 
watery  part  of  the  urine  derived  from  tho  glomeruli  It  therefore  is 
probable  tliat  the  cells,  if  they  excrete  the  pigment,  excrete  urea  and 
other  substances  also. 

But  the  proof  is  not  absolute,  for  tho  pigment  is  a  fon 
substance.     Urea  is  a  very  difficult  substance  to  trace  in  this  way 
because  it,  does  not  leave  any  coloured  trail  lohind  it.     In  hinds  the 
place  of  urea  is  taken  by  uric  acid,  and  the  urates  can  be  actually 
traced,  because  they  are  deposited  as  crystals,  aud  can  bo  seen  in  i 
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cells  and  convoluted  tobM  nuob  in  the  same  way  as  Heidenhai] 
bluo  pigment. 

Other  expci  iments,  however,  liave  been  undertaken  to  prove  the 
point  for  the  case  of  urea. 

If  the  part  of  the  cortex  of  the  kidney  which  contains  the 
glomeruli  is  removed,  urea  still  continues  to  be  formed.  This  is  a 
proof  tluil  the  excretum  ifl  performed  !>y  the  portions  of  the  con- 
voluted tubules  that  remain. 

By  using  the  kidney  of  the  Frog  OS  ncui,  whicdi  lias  two  distinct 
vascular  supplir  om  the  r » u;»l  artery  to  tin?  glomeruli,  and  ll> 

other  from  the  renal-portal  vein  to  the  convoluted  tubes,  Nussbauin 
stated  that  certain  foreign  substances,  e.g.  peptones  and  sugar,  when 
injectod  into  the  blood,  are  eliminated  by  the  glomeruli,  and  so  are 
not  got  rid  of  when  the  renal  arteries  are  tied  ;  whereas  certain  other 
substances,  aj.  urea,  when  injur; ted  into  the  blood,  are  eliminated  by 
the  convoluted  tubes,  even  when  the  renal  arteries  have  been  tied. 
These  experiments  havo,  however,  been  subjected  to  considerable 
criticism,  and  some  observors  have  failed  to  obtain  the  same  result. 
A  re-investigation  of  the  subject  has  been  recently  undertaken  by 
Dr  A.  P.  Beadard.  He  finds  that  ligature  of  all  the  arteries  to  the 
kidneys  in  tho  frog  cuts  the  glomeruli  completely  out  of  the  circula- 
tion. Adami's  failure  to  confirm  Nussbaura  was  due,  not  as  he 
supposed  to  anastomoses  between  the  terminations  of  tho  renal  artery 
and  tho  renal-portal  system,  but  to  incomplete  ligature  of  tho 
arteries.  When  the  glomeruli  are  shut  off  in  this  way,  no  secret  i 
takes  place  either  spontaneously  or  aftor  injection  of  urea,  wbioh  la 
a  diuretic ;  the  contrary  results  obtained  by  Nussbaum  von  ilia;  to 
imperfect  ligature,  so  that  a  number  of  glomeruli  were  left  intact. 
Nussbaum's  anatomical  facts  were  therefore  right,  but  his  physio- 
logical experiments  wore  faulty.  A  certain  supply  of  arterial  blood 
is  necessary  to  the  normal  life  of  the  roual  epithelium,  for  this 
undergoes  fatty  degeneration  and  comes  away  (desquamates)  in  BOH* 
sequence  of  the  occlusion  of  the  glomeruli.  Beddard's  < 
though  important,  do  not  really  settle  the  question  concerning  the 
normal  function  of  tho  epithelium  of  the  tubules;  they  Buggest  that 
another  series  of  experiments  must  be  undertaken,  in  which  an 
adequate  supply  of  oxygen  to  the  epithelium  is  ensured  after  com- 
plete ligature  of  all  tho  arteries. 

The  Work  done  by  the  Kidney. 

Wc  have  already  seen  (p.  321)  the  great  importance  a  study  of  osmosis  in  the 
body  has  in  the  understanding  of  many  physiological  facts. 

Tin-  urine  is  separated  from  tin;  blood  by  a  process  which  is  not  simply 
nHrntion,  and  if  wc  measure  the  work  of  the  kidney  it  i-  Bo  vastly  greater 

than  could  be  produced  by  the  ititm-iupillnry  blood-pressure.  I.udwig  held  Urn 
re  absorption  of  some  itf  the  water  ami  wits  which  escape  «t  the  glomeruli  takes 
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pbn  .  .'miles,     ("iishny  find*  this  may  PCOV  to  some  e\t,r,t,  h:tt  the  main 

ninctioa  "i  the  tubules  -  iradoabtodly  Mention,  not  absorption. 

I'h'   woric  done  by  the  kidney  cells  in  order  to  separate  from  the  blood-plasma 

a  fluid  with  tin-  much  higher  oimotkr  pressure  of  urine  can  be  estimated. 

We  may  take  some  example;-  from  ok.     I  l»  took  tiie  case  in  which 

0,  of  iirm.  were  exerrted  during  a  night ;  the  Mood  plaffM  m  this  rase  had  an 
osmotic  pressure     <Vv2  per  cent,  solution  ;  while  tint  of  the  urine  was  =  40  per  i 

:  sii.limu  «-hluridr.  I'h  iin  itue  the  work  of  the  kidney  wo  m.-i\  take  the 
mean  of  0'92  and  «  as  the  average  concentration  of  the  salt  du 
e\i  retu-n.  und  thu«.  it  is  found  tltat  the  kidney  did  about  18  kilogramme- met  r 
work  In  another  case  of  nuns  ei  ►n.vntrated  urine  obtained  fruni  a  cnl  previously 
deprived  of  wnb-r  fur  three  days,  the  numbers  WOW  respectively  1  1  and  8*0.  I  hi 
difference  was  equal  to  a  pressure  of  498  metres  of  water ;  so  that  at  Lhe  end  the 
kidney  had  srpar.1-  d  urine  from  the  blood  against  a  pressure  of  40,800  grammes 
per  stiuarc  centimetre,  a  force  about  sue  times  greater  than  the  maximum  force  of 
muscle. 

Extirpation  of  the  Kidneys. 

Extirpation  of  one  kidney  for  stone,  etc.,  is  a  common  Operation. 

It  is  not  followed  by  any  untoward  result.     The  remaining  kidney 
enlarges  and  does  the  work  previously  shared  between  the  I 

Extirpation  of  both  kidneys  is  fatal;  the  urea,  etc.,  accumuh 
ili-  bWI,  and  the  animal  dies  in  a  few  days;  urreuiic  convulsions 
(see  p.  556)  do  not  occur  in  9uoh  experimei 

Ly/ature    of    both    renal    arteries   amounts   to    the   saint;    1 1 
as  extirpation  of  the  kidneys,  ami  loads  to  the  same  result.     If  the 
ligature  is  released  the  kidney  once  more  sets  to  work,   but    the 
;n  iue  secreted  at  first  is  albuminous,  owing  to  the  epithelium  hav 
been  impaired  by  being  deprived  for  a  time  of  its  blood  supply. 

Jiemoval  of  one  kidney,  followed  at  a  later  period  by  removal  of  a 
half  or  two-thirds  of  the  other,  loads  in  dogs,  in  which  the  operation 
has  been  performed  by  Bradford,  to  a  surprising  result.  A I 
sjifuiid  operation  tho  urine  is  increasci I  in  amount,  and  the  quantity 
ol  urea  Is  much  greater  than  normal.  This  comes  from  a  disintegra- 
tion of  the  nitrogenous  tissues;  the  animal  wastes  r ap idly  and  dies 
in  ft  few  weeks.  It  is  thus  evident  that  the  kidneys  play  an  important 
rolo  in  nitrogenous  metabolism  apart  from  merdy  excreting  waste 
substances.  Tho  oxact  explanation  has  still  to  be  found,  but  it  is 
possible  that  the  kidney,  like  the  pancreas  and  liver,  and  many  duct- 
loss  glands,  forms  an  internal  secretion  (see  p.  328). 


The  Passage  of  Urine  into  the  Bladder. 

As  each  portion  of  urine  is  secreted  it  propels  tint,  which  is 
already  in  the  uriniferous  tubes  onwards  into  the  pelvis  of  the 
kidney.  Thence  through  theurek-r  tin  urine  passes  into  the  bladder, 
into  which  its  r  i  mode  of  entranco  has  been  watched  in  cases 

of  e-ctopia  vesica,  i.e.  of  such  fissures  in  the  Ulterior  and  lower  par' 
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the  walls  of  the  abdomen,  and  of  the  front  wall  of  tho  bladder,  as 
expose  to  view  its  hinder  wall  together  with  the  orifices  of  the  ureters. 
The  urine  does  not  enter  the  bladder  at  any  regular  rate,  nor  ia  there 
a  synchronism  in  its  movement  through  the  two  ureters.  During  fast- 
ing, two  or  three  drops  onter  tho  bladder  every  minute ;  each  drop  as 
it  enters  first  raises  up  tho  little  papilla  through  which  tho  ureter 
opens,  and  then  passes  slowly  throogb  ita  oriflca,  winch  at  once  again 
closes  liko  a  sphincter.     In  the  rBOUmbenl  pooti  mine  collects 

for  a  little  time  in  the  ureters,  then  flows  gently,  and,  if  the  body  is 
raised,  runs  from  thorn  in  a  stream  till  they  are  empty.  Its  now  is 
aided  by  the  peristaltic  contractions  of  the  ureters,  and  is  increased 
in  deep  inspiration,  or  by  straining,  and  in  active  exercise,  aud  in 
fifteen  or  twenty  minutes  after  a  meal.  Tho  urino  is  prevented  from 
regurgitation  into  the  ureters  by  the  mode  in  which  theso  pass 
through  the  walls  of  the  bladder,  namely,  by  their  lying  for  between 
half  and  three-quarters  of  an  inch  between  the  muscular  and  mucous 
coats  before  they  turn  rather  abruptly  forwards,  and  open  through 
the  latter  into  the  interior  of  the  bladder. 


Micturition. 

The  contraction  of  the  muscular  walls  of  tho  bladder  may  by 
itself  expel  the  urine  with  little  or  no  help  from  other  muscles.  In 
so  far,  however,  as  it  is  a  voluntary  act,  it  is  performed  by  means  of 
the  abdominal  and  other  expiratory  muscles,  which  in  their  contrac- 
tion press  on  tho  abdominal  riecera,  the  diaphragm  being  fixed,  and 
cause  tho  oxpulsion  of  the  contents  of  those  whose  sphincter  muscles 
are  at  the  same  time  relaxed.  The  muscular  coat  of  the  bladder 
co-operates,  in  micturition,  by  reflex  involuntary  action,  with  tho 
abdominal  muscles;  and  the  act  is  completed  by  the  accelerator  urina, 
which,  as  its  name  implies,  quickens  tho  stream,  and  expels  tho  last 
drop  of  urine  bom  the  urethra.  Tho  act,  so  far  as  it  is  not  directed 
by  volition,  in  under  tho  control  of  a  nervous  centre  in  the  lumbar 
spinal  cord,  through  which,  as  in  tho  case  of  tho  similar  centre  for 
defecation,  the  various  muscles  concerned  are  harmonised  in  their 
action.  It  is  well  known  that  the  act  may  be  reflexly  induced,  e.g. 
in  ohildran  who  suffer  from  intestinal  worms,  or  other  such  irritation. 
Generally  tho  afferent  impulse  which  calls  into  action  the  desire  to 
micturate  is  excited  by  over-distension  of  the  bladder,  or  even  by  a 
few  drops  of  urino  passing  into  the  urethra.  The  impulse  passes  up 
to  tho  lumbar  centre,  and  producos,  on  tho  one  ham!,  inhibition  of  the 
sphincter,  and  on  tin-  other  hand  contraction  of  the  necessary  muscles 
for  the  expulsion  of  the  contents  of  the  bladder.  The  tonic  action  of 
the  lumbar  nentre  can  also  be  inhibited  by  the  will. 

The  bladder  receives  nerves  from  two  sources : — (1)  from  the 
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lower  dorsal  and  upper  lumbar  nerves ;  these  fibres  pass  bo  tho 
sympathetic  chain,  from  here  to  the  inferior  mesenteric  ganglion, 
and  ultimately  reach  the  bladder  by  the  hypogastric  nerves.  Stimu- 
lation of  these  nerves  causes  contraction  of  the  circular  fibres  of  the 
bladder,  including  the  sphincter;  (2)  from  the  second  and  third 
sacral  nerves;  these  run  to  the  bladder  by  the  nervi  erigentes. 
Stimulation  of  these  nerves  causes  relaxation  of  the  sphincter  and 
contraction  of  the  detrusor  urines.  (Zeissl.)  Langley  and  Anderson 
find,  however,  that  stimulation  of  both  sets  of  nerves  causes  contrac- 
tion of  both  longitudinally  and  circularly  arranged  muscle  bundles. 
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Quantity. — A  nun   of  ight  and  height  passes  from  1400 

to  1600  fro*  «  abOQi  .00  ■  >/..  daily.  This  contains  about  50  grammes 
(1J  02.)  of  solids.  F  i  analytical  purposes  it  should  be  collected  in 
a  tall  glass  vessel  capable  of  holding  3000  c.c,  which  should  have  a 
smooth-edged  neck  accurately  covered  by  a  ground-glass  plate  to 
exclude  dust  and  prevent  evaporation.  The  vessel,  moreover,  should 
be  graduated  so  that  the  amount  may  l>e  easily  read  oft  From  the 
total  quantity  thus  collected  in  the  twenty-four  hours,  samples  should 
bo  drawn  OS  foi  examination. 

Colour. — This  is  6uiue  shade  of  yellow  which  \atios  DOttndsrabl J 
in  health  with  the  conri  ol  the  urine.     It  is  due  to  a  mixture 

of  pigments;  of  these  urobilin  is  the  one  of  which  we  have  the  most 
accurate  knowledge.  Urobilin  has  a  reddish  tint,  and  is  undoubtedly 
derived  from  the  blood  pigment,  and,  like  bile  pigment,  is  an  iron- 
free  derivative  of  i  be  theory  usually  accepted  con- 
cerning its  mode  of  origin  is  (bat  bile  pigment  is  in  thelnteeti 
converted  Into  Bteroobihn;  that  most  of  the  stercobilin  leaves  the 
body  with  tin-.  foosfl  ;  that  some  i.s  reabsorbed  and  is  excreted  with 
the  urine  as  urobilin.  Both  stercobilin  and  urobilin  are  very  like 
the  artificial  reduction  product  of  bilirubin  called  hydrobilirubin  (see 
p.  511).  Normal  urine,  however,  contains  very  little  urobilin.  The 
actual  body  present  is  a  chi  Of  mother  substance  called 
urobilinogen,  which  by  oxidation — for  instance,  standing  exposed  to 
the  air — is  converted  into  tho  pigment  proper.  In  certain  diseased 
conditions  the  amount  of  urobilin  is  considerably  increased. 

The  most  abundant  urinary  pigment  is  a  yellow  one,  named 
urochrome.  It  shows  no  absorption  bands.  It  is  probably  an  oxida- 
tion product  of  urobilin.     (luva,  A.  E.  Ghurod.) 

Reaction. — Tho  reaction  of  normal  urine  is  acid.  This  is  not  due 
to  free  acid,  as  tho  uric  ami  hjppuric  acids  in  the  urine  am  combined 
as  urates  and  hippuratos  respectively.  The  acidity  is  duo  to  acid 
salts,  of  widen  acid  BOdinm  phosphate  is  the  most  important     Ui 
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curtain  circumstances  the  urine  becomes  less  acid  and  evou  alkali 
i.h.i  most  important  of  these  are  as  follows: — 

I     During  digestion.     Horo  there  is  a  formation  of  free  BOid  in 

(he  8toiti;u-.h,  .iikI  a  corresponding  liberation  ol  bases  En  the  blood, 

which,  passing  into  tho  urine,  diminish  its  acidity,  or  even  render  it 

ftlkatfne,     This  is  (jailed  the  alkaline  tide;  the  opposite  condition,  the 

Yc-,  occurs  after  a  fast — for  instance,  before  breakfast. 

2.  In  herbivorous  animals  and  vegetarians.    The  food  liere  con- 
tains excess  of  alkaline  salts  of  acidB  like  tartaric,  citric,  malic,  etc. 
Those  iiciils  ate  oxidised  into  carbonates,  which,  passing  into  the  m 
give  it  an  alkaline  reaction. 

Specific  Gravity. — This  should    be   taken   in    a  sample   of   the 

nty-fonr  hours'  urine  with  a  urinometer. 

The  specific  gravity  varies  inversely  as  the  quantity  of  urine 
posted    under  normal   conditions    from    1015    to    1025.     A   specific 
gravity  below  1010  should  excite  suspicion  of  hydruria ;    one  over 
1030,  of  a  febrile  OondU&on,  or  of  diabetes,  a  disease  in  which  it,  D 
rise  tO  L050.     The  spec i tic  ^lavii.y  h  been  known  to  sink 

as  low  as  1002  (after  largo  petitions,  iirina  pvtus),  or  to  rise  as  hi 
as  1035  (after  great  sweating)  in  perfectly  healthy  persons. 

Composition.— The  following  table  gives  the  average  amounts  of 
the  urinary  constituents  passed  by  a  man  in  the  twenty-four  houre: — 

Total  (juanUtv  of  urine 1600*00  grammes. 

Water     ...  ....    1440-OO 

Solids 00*00 

Urea 35-00 

I   rlo  add 0-75 

Sodium  chloride 10"5 

Phosphoric  ncid 

Sulphuric  acid 2*0 

Ammonia 

Creatinine 0*9 

Chlorine 11*0           .. 

Potassium 

Sodium     .........  fi'5 

Calcium 0-26 

Magnesium .. 

Tho  most  abundant  constituents  of  tho  urine  am  water,  urea, 
sodium  chloride.     In  the  foregoing  table  ono  must  not  be  misled  by 
seeing  the  names  of  the  acids  and  metals  separated.     The  acids  and 
the  bases  aio  combined   to  form  salts,  such   as  urates,  chlorides, 
sulphates,  phosphates,  etc. 

Urea. 

Urea,  or  Carbamide,  CO(NTI..),.  is  isomeric  (that  is,  has  tho  same 
ompirical,  but   not   I  tructural    formula)    with    ammonium 

cyanate  (NH4)  CNO,  from  winch   it  was  first  prepared  synthetically 
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by  Wohler  in  182.S.  Sim ■<-.  then  it  baa  been  prepared  synthetically 
in  other  ways.  W'ihler's  observation  derives  interest  from  tho  fact 
that  this  was  the  first  organic  substance  which  was  prepared  syntheti- 
cally by  chemists.* 

When  crystallised  out  from  tho  urine  it  is  found  to  bo  roadily 
sululiln  both  in  water.  Mid  alcohol :  it  has  a  saltish  tnsto,  ami  is  nontral 
to  litmus  ]Kij>r •!.  The  'mm 
crystals  is  shown  in  fa  425. 

When  treated  with  nitric  acid, 
nitrate  of  urea  (CON  .1I..11NO.,)  is 
formed;  this  •  ry.-i  ilBw  m  <    taliodra, 

-^o-shaped  tablets  or  hexagons  (fig. 

i  Whon  treated  with  oxalic  acid, 
Hat  or  prismatic  crystals  of  QI6S  oxa- 
late (CON  H1I  0 ,04  -f  H,0) are  funned 
(fig.  427)." 

These  crystals  may  be  readily  <  i>- 
tainod  by  adding  excess  of  the  respective 
acid;-  bu  beta  Gonoen 

tra!  hinl  or  a  quarter  of  its  baft. 

miiim'1  fi-rniout,  the  torula  or  mi 
coccus  ureae,  w l.i  b     POWi  ceedfl}  in  stale  urine,  urea  takes  up  water, 
and    is    converted   into   ammonium    carbonato    [CON,H4  +  2HjO  = 
(NHj^OO,].     BEanoe  the  ammoniacal  odour  of  putrid  m 

Bv  moans  of  nitrous  acid,  urea  is  broken  up  into  carl*mic  acid, 
water  and    nitrogen,   CON,H4  +  2HNO.>  =  CO. +  3H,0  +  2X*      Hie 


^5 


Kw.  *s4  -Cry»uU  of  I'm. 


< 

Pio.  (3d.    Cry»i*1a  of  Urea  nitrate. 


& 
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ovolution  of  gas  bubbles  which  takes  place  on  tho  addition  of  fuming 
nitric  acid  may  be  used  as  a  test  for  urea. 

Hypobroraite  of  soda  decomposes  urea  in  the  following  way  : — 

CON3H<   +   SNaHiO        GO,   i  H<>   +   3Na.Br. 

N*»]  [Sodlnm  (Ouboate  (Nitngco.)     [WUw.] 

ljy|«jbrumil*'.l  «cW.|  broen 


'  Mclilola  has  poiivt<tl  out  that  the  Kngii.sh  rh.mi-t  llcurv  Il-ancll  prepared 
alcohol  from  oleflant  gas  simultaneously  with  W.ihU-r'.s  synthesis  of  urrn.  The 
honour  of  founding  the  science  uf  organic  chemistry  must,  therefore,  be  than*] 
iM-tween  the  two  men. 
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Tins  reaction  is  important,  for  on  it  one  of  the  readiest  method! 
fur   <sin  i..  depends.    There  have  been   various   pieces   of 

apparatus    in  he   anal  v;  but  the  one 

described  below  is    the    Uist.     Ii    thfl    BCCpenmenl    tfl  iH-rfonned    as 
directed,  nitrogen  is  the  only  gas  tb  ■■■  off,  the  oorbonaa  acid 

being  absorbed  by  excess  of  soda.    Thoarn< 
of  nitrogen  is  a  measui  tountofui 

I)u|ir«  \  apimmtus  (fig.  42S)  consists  of  a  bottle  (A) 
muted  to S measuring  tub  rubber  tubing.     The 

measuring  tabe  (Cj  <  r©T  water 

1 1      uid  can  be  raised  and  lowered  nt  will.     Mm 
■  \  alkaline  solution  of   sodium    Itypobvoi 

ig  2    -..-.  ut'  In. •fiiim-  ■  -.-•.  of  a  40 

Kr  cent  solution  of  caustic  sods)  into  the  bottle  A. 
HUB  B  im'.  nt  uritu-  iiitu  .1  small  tube  (B).  and  lower 
It  carefully,  so  that  no  urloe  spills,  Into  the  bottle. 
Close  the  bottl-  with  a  stopper  perforated  bj 

iuilli  lilov.ii  on  tins 
IiiIk-  prevent";  froth  from  passing  Into  the  n 

apparatus]  [a  connected  to  the  meaeuring  tube  b>  India- 

rubber  tubing  and  a  T-piece.  The  tluril  limb  of  the 
T -piece  is  closed  by  a  piece  o(  irjdiarubber  tubing  and 
a  placn-oocki  Men  at  the  top  of  the  figure.  Open  the 
pinch-cock  and  lower  the  measuring  tune  until  the  but* 

with  which  the  outer  cylinder  is  filled 
i-  at  the  zero  point  of  the  graduation      Close  the  pi 
cock*  and  raise  the  measuring  tub*  to  ascertain  U 
apparatus  b    ur  tight.    Tb  a  lower  it  again.    Tilt  the 

iiottleAao  as  to  upset   'he  urine,  and  shake  well  tor  a 
minute  Of    i'.     During  this  time  there  is  an  evolution 
of  pis,    Then  InuncNC  il"-  bottle  In  a  large  beaker  con 
tainina  water  of  the  same  temperature  as  that  in  the 
cylinder.      After  two  or  three  minutes  raise  the  measur- 
ing tni>.  until  the  lurfaei  i  of  the  water  inside  and  out 
side  it  are  at  the  same  level.     Read  off  the  amount  of 
id    85*4  c.c.  of  nitrogen  are  yielded 
byO'l  granimeof  urea.    From  this  the  qv 
in  the  I  i  i-.  of  nrmr  and  the  percentage  of  urea  can  be 
calculated.     If  the  total  urea  passed  in  the  twi 
hours  is  to  be  ascertained,  the  twenty-four  hours  urine 
must   be  carefutlj    measured  and    thoroughly  mixed. 
A  sample  is  then  taken  from  the  total  for  analysis  ;  and 
lii»  ii.  by  a  simple  sum  in  proportion. the  total  amount 
of  urea  la  ascertained 
Another  method  (L  itunating  urea  in  urine  is  the  following  :— Take 

40  c.r.  of  urine;  add  to  this  90  ''.<••   of  inu->  to  mixture  (two  volumes  of  barium 
hydrate  and  one  of  barium    u  i  r  r  ;i  t .- .  botfa   --iTiar.it.-.  I  In  the  cold)       Filter  oil  '1 1. 1    DO 
ei|iitateof  barium  phosphate  and  sulphate   which   is  formed.     Take  LB  C.C.  of  the 
til'i.itc  (tin-,  i  urn-spoiiil-,  to  10  C.C.  of  nrmci  In  a  beaker.      Kun  into  it  from  a  burette 

standard  mercuric  nitrate  solution  of  such  a  strength  thai  i  c.c  exactly  preHpttalas 

0  "1  gremme  of  urea  l)N  n  compound  with  the  formula  (CONJIjUiigtS'OjX^rlgO);,. 
Tin    solution  is  run  in  until  the  precipitate  CCS  ■<  •■  to  I'orm,  nnrl  fr,  nc  nitrate 

is  present  in  the  mixture  j  this  can  »   detected  by  the  J  ellow  colour  ii  drop  of  the 
I  ure  gives  with  a  drop  of  saturated  lOluUon  of  .sodium  carbonate  on  a  white  slab. 
The   amount  used  from  the  burette  can  be  read  off,  and  the  percentage  of  ure* 
calculated.    In  another  specimen  of  the  mum  urine,  the  chlorides  arc  then  csti- 


-  Ure« 
Appsnui*. 
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mated,  and  1  jrrnmrac  of  urea  subtracted  for  every  1-5  gramme  of  sodium  chloride 
formed. 

Trior  Iwo  methods  jrive  nearly  Identical  r.-sults ;  the  former  is  the  easier  to 
perform,  and  the  results   "  btly  accurate  for  ordinary  | 

A  more  accurate  ilctcriiiination  can  be  In-st  made  by  the  method  Introduced  l>> 

list      The  following  reagents,  etc..  arc  want'  d      (L)A  -■»' 

solution  of  barium  < blonde  containing  .'•  |»er  cent  of  barium  hydrate  :  (n.J  A  mixture 

of  alcohol  and  ether  in  the  proportion  2:1:  [HI. )  The  apparatus,  etc.,  necessary  for 

carryiagout  KJddahTi  method  of  estimating  nitrogen.    6  c.c.  "f  urine  are  mixed 

with      ■   <•.  hi  ms barium  mixture,  and   10"  c.c.   of  the  ether  alcohol  mixture.     By 
this  mi. in,  all  i ^t  •  .••■nous  substances  except  urea  are  predpH  ib  I       (Venty-four 

hours  later  this  is  filtered  oil.  and  the  preeipitnte  is  v.asl  ofl 

alcohol  mixture.  The  washings  nrc  added  to  the  filtrate,  and  a  little  magnesia  is 
ad<led  to  drive  off  ammonia.  The  fluid  is  then  evaporated  down  at  5.V  C.  until  Its' 
volume  is  about  lOc.e.,  and  the  nitrogen  in  this  estimated  by  Kjcld.ilils  method. 
The  nitropen  found  is  imiHipln  d  by  'J"l  it,  and  the  result  is  the  amount  of  the  urea. 
Kjeld  this  method  i  'iismts  in  boding  thai  material  under 

imesligatiiiti  uilb  strong  sulphuric  acid.     The  nitrogen  present   is  by  this  means 
converted  into  aramonin.     Kxeess  of  soda  is  then  (dried,  and  the  ammonia  distilled 
ovi   into  i  koOVB  v  ulume  of  standard  add.     The  amount  of  dimmulion  of  I 
in  the  standard  enables  one  to  calculate  the  amount  of  ammonia,  and  thence  tin 
amount  of  nitrogen. 

The  quantity  of  urea  is  variable,  the  chief  cause  of  variation 
being  the  amount  of  proteid  food  ingesteil.  In  a  man  in  a  state  of 
nitrogenous  equilibrium,  taking  daily  100  grammes,  of  proteid  in  his 
food,  the  quantity  of  urea  secreted  daily  is  about  33  to  35  grammes 
(500  grains).  The  normal  percentage  in  human  urine  is  2  per  cent ; 
but  this  also  varies,  because  the  concentration  of  the  urine  v 
considerably  in  health.  In  dogs  it  may  be  10  per  cent.  Tho 
excretion  of  urea  is  usually  at  a  maximum  three  hours  after  a 
meal,  especially  oftor  a  meal  rich  in  protcids.  Tho  urea  does  not 
come,  however,  direct  from  tho  food ;  tho  foot!  must  bo  first  assimi- 
lated, and  become  part  of  the  body,  before  it  can  break  down  to  form 
urea.  Food  increases  the  elimination  of  urea  because  it  stimulates  the 
tissues  to  increased  activity;  their  waste  nitrogenous  products  are 
converted  into  urea,  which,  passing  into  the  blood,  is  directly  excreted 
by  the  kidneys.  The  greater  the  amount  of  proteid  food  given,  the 
more  waste  products  do  the  tissues  discharge  from  their  protoplasm, 
in  order  to  mako  room  for  the  new  proteid  which  is  built  into  its 
substance.  Recent  exj>oriinent8  by  Chittenden  and  others  have  shown 
that  nitrogenous  equilibrium  can  l»e  maintained  on  a  diet  containing 
only  half  the  usual  amount  of  proteid.  In  such  people  the  excretion 
of  urea  falls  correspondingly,  the  other  nitrogenous  constitutents  of 
llio  urine  remaining  fairly  constant. 

Muscular  Bxecme  has  little  immediate  effect  on  tho  amount  of 
urea  discharged.  In  very  intense  muscular  work  there  is  a  slight 
immediate  increase  of  urea,  but  this  is  quite  i  11*10.11  ificant  when  com- 
pared to  the  increase  of  work.  This  is  strikingly  different  from  what 
occurs  in  the  case  of  carbonic  acid;  the  more  the  muscles  work,  the 
more  carbonic  acid  do  they  send  into  the  venous  blood,  which  is 
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y»  .?»*;•  .»,,!  ;;.:  :..,i:..  ,s  -.«r-  -.- .»  »•*:*.-.:  ;:i*  ^.  ^ irnia]  mine; 
r-t.p.  ifv.u  '.v-'i  »«  •>.<  ■»«  •.**,*  •  u.  uw.viv-."  >:  :;  ;u*r  creatine  in 
V»»  lv<«j  '»,.  „..,:..•„,.  ,..i<4.:  ;.«  :  -.v:.w-:«"  tr  '  ur^a :  moreover, 
•.».•*«  *.«■  •»  ttrt.'.'i'  iu':;.-  '<••*.:* ■ii»r.  ?:'«l  '.:*iUt:ij*  .:.  iii*  laboratory. 

wii.'J'u'It.  'it.ii'i;  »;«.;M<j;iT  »>»;N.fcs.,  »-.M«j«ri..  .lymphatic  glanda, 
mwvfaug  glairl*-.  purto'ypav  Hi  th«  K-iiiaii'iu  of  urea:  but  the  most 
bMpnimii  *yj*ntr*  tw  )*  th«  ]jr«i :  tiii*  u  iw  iirpui  where  the  final 
tekf<  jiliKHi  Th^  ur«iu  w  I.Ji"l  oarrjtKi  in-  ihfc  blood  to  the 
■  mui  ii  tivir«*  <:xt'r«*t.'i'i. 

itf  flUEjwriiiteiit  aud  of  pM.hol.igy  point   very  Btrongly 
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in   support  of    the  that   urea  is  formed  in  the  liver.     The 

principal  are  the  following : — 

1.  After  removal  of  the  liver  in  such  animals  as  frogs,  urea 
formation  almost  ceases,  and  ammonia  is  found  in  the  urino  instead. 

J  In  mammals,  the  extirpation  of  the  liver  is  such  a  severe 
operation  that  the  animals  do  not  live.  But  the  liver  of  mammals 
can  be  very  largely  thrown  out  of  gear  by  connecting  the  portal  vein 
directly  to  the  inferior  vona  cava  Kc.k's  fistula).  This  experiment 
has  been  done  successfully  in  dogs;  the  amount  of  urea  in  the  urine 
is  lessened,  and  its  place  is  taken  by  ammonia. 

3.  When  degenerative  changes  occur  in  the  liver,  as  in  cirrkoris 
of  that  organ,  the  urea  formed  is  much  lessenod,  and  its  placo  is 
taken  by  ammonia.  In  acute  yellow  atrophy  urea  is  almost  absent  in 
the  urine,  and,  again,  there  is  considerable  increase  in  the  ammonia. 
In  this  disease  rOSXM  ITS  also  found  in   tho  urine; 

undue  stress  should  not  bfl  laid  upon  this  latter  fact,  for  the  leucine 
and  tyTosino  doubtless  originate  in  the  intestine,  and,  escaping 
further  decomposition  in  the  degenerated  liver,  pass  as  such  into 
the  urine. 

We  liave  to  consider  next  the  intermediate  stages  between  proteid 
end  urea.  A  few  years  ago  Drechsel  succeeded  in  artificially  pro- 
ducing urea  Oram  casein.  More  recent  work  has  shown  that  this  is 
teuo  t<  i'oteids  also.     If  a  proteid  is  decomposed  by  hydro- 

chloric acid,  a  little  stannous  chlorido  lieing  added  to  prevent 
oxidation,  a  number  "i"  products  are  obtained,  such  as  ammonium 
salts,  leucine,  tyrosine,  uspartic,  and  glutaminic  acids.  .  This  was 
known  before,  so  the  chief  interest  centres  round  two  new  sub- 
stances,  pr  7    phosphotungstic    acid.      One    of    these    is 

ted  lysine  (U,,HHN  '.».,  'li-amino-caproic  M id  ;  th<    ,  i  lior  was  first- 
called  lysatinin*.     Hedin  then  Showed  that  lyeataniiM  is  a  mixture 
of  lysine  with  another  base  allied  arginine  (CoH^N^Oj) ,  it  is  fi 
tlie  arginine    that   tho   urea   comes  in  the  experiment  to  bo  next 
describ.  ling  from  some  resemblances  between  this  substance 

and  creatine,  Drechsel  oxpected  to  be  able  to  obtain  urea  from  it, 
and  his  expectation  was  confirmed  by  experiment.     He  took  a  silver 
;    in  I  of  the  base,  boiled  it  with  barium  carbonate,  and  after 
twenty-fire  minutes'  boiliug  obtained  urea.     (See  note  OO  p.  678  i 

It  is,  however,  extremely  doubtful  whether  tin:  chemical  decom- 
positions produced  in  laboratory  experiments  on  proteids  are  com- 
parable to  those  occurring  in  the  body.  Many  physiologists  consider 
that  the  amino-acids  are  intermediate  stages  in  the  metabolic 
processes  that  lead  to  the  formation  of  urea  from  proteids.  We  have 
already  alluded  to  this  question  in  relation  to  the  creatine  of  muscle, 
and  we  are  confronted  with  the  difficulty  that  injection  of  creatine 
into   the  blood  leads  to  an  increase  not  of  urea,  but   of   creatinine. 
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hi  the  urine.  If  creatine  is  an  intermediate  step,  it  must  und< 
some  further  change  before  it  leaves  the  muscle.  Other  amino-ac 
such  as  glycine  (ainino-acetic  acid),  leucine  (amino-co]  ami 

probably  to  bo  included  in  the  same  category;  there  is, 
however,  no  evidence  that  tyrosine  acts  in  this  way.  The  facts  upon 
which  such  a  theory  depends  are  (1)  that  the  introduction  of  • 
or  leucine  into  the  bowel,  or  into  the  circulation,  leads  to  an  increase 
of  urea  in  the  urine ;  and  (2)  that  amino-acids  appear  in  the  urine  of 
patients  suffering  Cram  acute  yellow  atrophy  of  the  liver.  Then, 
again,  it  is  perfectly  Brae  that,  in  the  laboratory,  urea  can  bo  obtained 
from  creatine,  and  also  from  uric  acid,  but  such  experiments  do 
not  prove  that  creatine  or  uric  acid  are  normally  intermediate  pro- 
ducts of  urea  formation  in  the  body.  Still,  if  we  admit,  for  the  sake 
ugument,  that  amino-acids  are  normally  intermediate  stages  in 
prolel  md  glance  at  their  formulfe 

(Mycin,-        . 

I.rui  ine C,  If,  \(  >  . 

Creatine I  ,H,N  <>  . 

— we  see  that  the  carbon  atoms  are  more  numerous  than  the 
nitrogen  atoms.  In  urea,  CON.,H4,  the  reverse  is  the  case.  The 
amino-acids  must  therefore  be  split,  into  simpler  compounds,  which 
unite  with  one  another  to  form  uroa.  Urea  formation  is  thus,  in 
part,  synthetic  There  have  been  various  theories  advanced  as  to 
what  those  simpler  compounds  are.  Some  havo  considered  that 
oyanato,  others  that  carbamate,  and  others  still  that  carbonate  of 
ammonium' is  formed.  Schroder's  work,  which  has  been  confirmed 
by  subsequent  investigators,  proves  that  ammonium  carbonate  is  a 
<>i  the  urea  precursors,  if  not  the  principal  one  The  equation  which 
represents  the  reaction  is  as  follows: — 

(NH4)..COs    -    2H..O    =    CON..H,. 

[Ammonium  [Wnlir.l  |Uni.| 

Schroder's  principal  experiment  was  this:  a  mixture  of  blond  a 
ammonium  carbonate  was  injected  into  the  liver  by  the  portal  rein ; 
the  blood  leaving  the  liver  by  the  hepatic  win  was  Found  to  contain 
urea  in  great  abundance.  This  does  not  occur  when  the  same  experi- 
ment is  performed  with  any  other  organ  of  the  Ixxly,  so  that 
Schroder's  experiments  also  provo  the  great  importance  of  the  liver 
in  urea  formation. 

There  is,  however,  no  necessity  to  suppose  that  the  formation  of 
amino-acids  is  a  necessary  preliminary  to  urea  formation.  The  eon- 
version  of  the  leucine  and  acginme  formed  in  the  intestine  into 
ammonium  salts  and  then  into  urea  does  certainly  occur,  but  this 
only  accounts  for  quite  an  insignificant  fraction  of  the  urea  in  the 
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urine.  It'  the  saine  occurs  in  tissue  metabolism,  wo  ought  to  find 
considerable  quantities  of  leucine,  :  oreatine,   arginine,   and 

such  substances  in  the  bl I,  leaving  the  various  tissues  and  entering 

tlie  liver ;  but-  wm  do  not.     We  do,  however,  constantly  find  amnn  ■ 
which,  after   passing  into  the  blood    or   lymph,  has   united    with 
sarbonu  form  either  oaibonats  or  carbamate  of  ammonium- 

It  is  quito  probable  that  the  nitrogenous  waste  that  leaves  the 
muscles  and  other  tissues  is  split  off  from  them  as  ammonia,  ami  not 
in  the  shape  of  large  molecules  uf  amino-acid,  which  are  subsequently 
converted  into  ammonia.  The  experiments  outside  the  body  which 
most  closely  imitate  those  occurring  within  the  body  are  those  of 
Drechsel,  in  which  he  passed  strong  altern  its   through 

solutions  of  proteid-liko  materials.  Such  alternating  currents  are 
certainly  absent  in  the  body,  but  their  effect,  which  is  a  rapidly 
changing  series  of  small  oxidations  and  reductions,  are  analogous  to 
metabolic  processes;  under  such  circumstances  the  carbon  atoms  are 
burnt  off  us  carbon  dioxide,  and  the  nitrogen  is  split  off  in  the  fnrm 
of  ammonia;  by  the  union  of  these  two  substances  ammonium 
carbonate  is  formed 

The  following  structural  formulae  exhibit  the  relationship  between 
ammonium  carbonate,  ammonium  carbamate,  and  urea.  The  loss 
of  one  znoleculo  of  water  from  ammonium  carbonate  produces 
ammonium  carbamate;    the  loss  of  a   second   molecule  of  water 
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Ammonia. 

The  urine  of  man  and  carnivora  f-ontaius  small  quantities  of 
ammonium  salts.  In  man  the  daily  amount  of  ammonia  excreted 
varies  between  0'3  and  12  g]  i h > ■.  average  is  07  gramme. 

The  ingestion  of  ammonium  carbonate  does  not  increase  the  amount 
of  ammonia  in  the  urine,  but  increases  the  amount  of  urea,  into 
which  substance  the  ammonium  carbonate  is  easily  converted.  But 
if  a  more  stable  salt,  like  ammonium  chloride,  is  given,  it  appears  as 
such  in  the  urine. 

l"n  M.il  circumstances  the  amount  of  ammonia  depends  on 

the  adj'i:  r  1 1 1 1 ■ : 1 1  between  t.ho  production  of  acid  substances  in  meta- 
bolism and  the  supply  of  bases  in  the  food.  Ammonia  formation  is 
the  physiological  remedy  for  delicioncy  of  bases. 

When  the  production  of  acids  is  excessive  (as  in  diabetes),  or 
when  mineral  acids  are  given  by  the  mouth  or  injected  into  the 
blood-stream,  the  result,  tfl  an   increase  of  the  physiological  remedy, 
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and  excess  of  ammonia  passes  over  into  the  urine.  Under  normal 
circumstances  ammonia  is  kept  at  a  minimum,  being  finally  converted 
into  the  loss  toxic  suhsta  >,  which  fchfl  kidnoyB  easily  excreta 

defence  of  the  organism  against  acids  whii  b  are  i  tit  toarfo,  La  an 
increase  of  ammonia  formation,  or,  t"  put  ir.  more  correctly,  less  of 
ih«  ammonia  formed  is  converted  into  urea. 

Under  the  opposite  conditions,  namely,  oxcess  of  alkali,  either  in 
food  or  given  as  such,  the  ammonia  disappears  from  the  urine,  all 
Umig  converted  into  urea.  Home,  thfl  'liniiinn  inn  oi  u  mionia  in  tho 
urine  of  man  on  a  vegetable  diot,  and  its  absence  in  the  urine  of 
herbivorous  animals. 

Not  only  is  this  the  case,  but  if  ammonium  chloride  is  given  to  a 
herbivorous  animal  like  a  rabbit,  the  urinary  ammonia  is  but  Hi 
increased.     It  reacts  with  sodium  otfbonale  in   tho  tissues,  form 
blob  isexcroted  as  urea)  and  sodium  chlon 
Horbivora  also  suffer  much  more  from,  and  am  more  easily  killed  by, 

Ifl  than  carnivora,  their  organisation  not  permitting  a  ready  suj.: 
of  ammonia  to  neutralise  excess  of  acids. 


Urio  Acid. 

Uric  Acid  (CfiN4H,0:,)  is,  in  mammals,  the  medium  by  which  a 
very  small  quantity  Ox  nitrogen  is  excreted  from  the  body.     It  is. 

.ever,  in   birds  and   roptilos  fchfi  principal  nitrogenous  constituent 

heir  urine.     It  is  not  present  in  the  free  state,  but  is  oombui 
wit! i  bases  to  form 

u  may  be  obtained  Erato  human  urine  by  adding  5  c.c.  of  hydro- 
chloric acid  to  100  c.c.  of  the  urine,  and  allowing  the  mixture  to 
stand  for  twelve  to  twenty-font  hours.  The  crystals  which  form  are 
deeply  tinged  with  urinary  pigment,  and  though  by  repeated  solution 
in  caustic  soda  oi  poteen,  and  prxeoipitatioD  by  hydroohlorio  a.  id. 
thai  may  DO  obtained  fairly  free  Erom  pigment, pnre  uric  acid  is  more 
readily  obtained  from  the  solid  urine  of  a  serpent  or  bird,  whieh 
consists  principally  of  the  acid  ammonium  urate.  This  is  dissolved 
in  soda,  and  then  the  addition  of  hydrochloric  acid  produces  as  before 
the  crystallisation  of  uiie  add  from  the  solution. 

The  pure  acid  oryntolKflflfl  in  colourless  rectangular  plates  or 
prisma     In  striking  contrast  to  urea  it  is  a  m  luble  substance, 

requiring  for  its  solution  1900  parts  of  hot  and  15,000  parts  of  cold 
water.    The  forms  which  uric  acid  assumes  when  pi  ted  from 

human  urine,  either  by  tho  addition  of  hydrochloric  acid  or  in  certain 
pathological  processes,  are  very  various,  the  most  frequent  being  the 
whetstone  shape;  there  are  also  bundles  of  crystals  resembling 
sheaves,  barrels,  and  dumb-bells  (sou  fi-^r.  429). 

The  murexvle  test  is  the   principal   test  for  uric  arid.     Tho  test 
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baa  received  the  name  on  account  of  the  resemblanco  of  tho  colour 
t«i  the  purple  "f  the  anoieots,  which  «u  obtained  Eton  eertaio  snails 

of  the  genus  Mvrejc.     Ti    i:  mod  as  follows:  place  a  littlo  uric 

acid  or  a  urate  in  a  QftpsuOj  add  B  little  dilate  DitrJs  acid  and 
evaporate  to  dryness.  A  yellowish-red  residue  is  left.  Add  a  little 
ammonia  carefully,  and  the  residue 
turns  violet;  this  is  due  to  the  forma- 
tion of  purpurato  of  ammonia.  On  tho 
addition  of  potash  the  colour  liecomos 
bluer. 

Leather  i.'.i'iiun  that  Olio  add  un- 
dergoes (though  it  is  not  applicable  at 
a  teet)  is,  that  on  treatment  with 
certain  oxidising  reagents  urea  and 
oxalic  acid  can  l>o  obtained  from 
it.      Alloxan    (C.ELK.O,)    or    allunloiu 

(C,H^N,Os)  nri-  intermediate  products. 
.cr,   doubtful    whether   a 

-imilar  oxirl.iiiM  .  normal 

in -taholic  processes  of  the  bodj 

Uric  acid  is  dibasic,  and  thus  there  are  two  classes  of  urates — 
tli:  normal  urates  and  tho  acid  urates.  A  normal  urate  is  one  in 
which  two  atoms  of  tho  hydrogen  are  replaced  by  two  of  a  monad 
metal  like  sodium;  an  acid  urate  is  one  in  which  only  one  atom  of 
hydrogen  if*  thus  replaced.     The  formula.*  would  be-— 

i  u40i  ■  ■■' 

C5H.{NaN4Os  =  acid  sodium  urate. 
C6H ..Na.N/X,  =  normal  sodium  urate. 

Tho  acid  sodium  urate  is  the  chief  constituent  of  the  pinkish  deposit 
of  urates,  which  often  occurs  in  urine,  and  is  called  tho  lalerUious 
deposit. 

If  uric  will  is  represented  bv  III.  tin-  normal  unties  may  he  represent*')!  1>\ 
M,LJ,  and  Um    kdd  unites   l>y  HHU.     Besce  Jones,  and   later  Sir   W.    Koberts, 
considered  lliut  the  urates  actually  Meaning  in  urine,  lire  what  are  tenm-d  i|uadrt 
urates  .MHl',11  1.     Ther  b  doubt  wh-tlrr  nidi  compounds  really  exist ; 

do,  tliey  are  readllv  decomposed  into  acid  urate.  MIR ,  and  free  urk-  acid, 
11  l. 

The  quantity  of  uric  acid  excreted  by  an  adult  varies  from  7  to 
10  grains  (05  to  0  75  gramme)  daily. 

Tho  l*'9t  method  Box  determining  the  quantity  of  aria  acid  in 

the  Qfine  is  that  Of  Hopkins.      Ammonium   chloride  in   crystals  is 

atldi-.d  in  tin-   urine    until  no  more  will    dissolve.      This    saturation 

iv  precipitates  all  the  uri«    m  id  in  the  form  of  ammonium 

urato.     After  standing  for  tw-»  hoars  the  precipitate  is  collected  on 
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a  filter,  washed  with  saturated  solution  of  ammonium  chloride, 
then  dissolved  in  weak  alksJ  m  Hub  solution  the  uric  acid 

precipitated  by  neutralising  with  hydrochloric  acid.     The  precipitat 
of  uric  acid  is  collected  on  a  weighed  Biter,  dried,  and  weighed ;  or 
the  crystals  may  bo  dissolved   i  in  carbonate  solution, 

titrated  with  standard  solution  of  potassium  permanganate,  unt 
diffused  pink  flush  appears  throughout  the  solution. 

Origin  of  Uric  Acid. — Uric  acid  is  uot  made  by  the  kidneys. 
When  the  kidneys  are  removed  uric  acid  continues  to  be  formed  and 
accumulates  in  the  organs,  especially  in  the  liver  and  spleen.  The 
liver  has  been  removed  from  birds,  and  uric  acid  is  then  hardly  formed 
at  all,  its  place  being  taken  by  ammonia  and  lactic  acid  It  is  there- 
piobable  in  these  animals  that  ammonia  and  lactic  acid  are 
normally  synthesisod  in  tho  liver  to  form  uriu  acid. 

The  chief  conditions  which  lead  to  an  increase  of  uric  acid  axe 

1.  Increase  of  meat  diet  and  diminution  of  oxidation  processes, 
such  as  occur  in  people  with  sedentary  habits. 

1.  Pathological  conditions  allied  to  gout. 

3.  Increase  of  white  corpuscles  in  the    blood,  especially  in 
disease  known  as  leucocythamia.     This  latter  fact  is  of  great  interest, 
as  leucocyteB  contain  large  quantities  of  nuclein.     Nuclein   yields 
nitrogenous  (purine)  bases  (adenine,  hypoxanthine,  etc.),  which  are 
closely  related  to  uric  acid. 

The  close  relationship  of  the  purine  bases  to  uric  acid  has  been  dearly  demon- 
strated by  the  work  of  Bnfl  Pischer,  for  they  arc  all  derivatives  of  the  substance 
(1 1'urinr.     The  names  and  formula:  of  these  substances  arc  as  follows : — 

1  urine C,H,N, 

(I  lypoxanthine  (monoxy-purim)    .  ('  H.N',0 

XanUunc(dioxy-purine>         .         .         .  C,Ij,NA 

Adenine  (nmtnu-purinc)         .         .         .  (  .H,N,.NH., 

Guanine  (amlno-oxy-purine)         .        .  t\,II  N.O.Nll.. 

I  ric  acid  (trioxy-purine)        .         .         .  C»H,N40, 

We  hare  here  a  way  in  idd  may  arise  by  oxidation  from  the  nu 

bases,  and  thus  ultimately  from  the  nuclei  of  cell  „  Certain  forms  of  diet  IPCfCMC  uric 
arid  formation  by  leading  to  an  increase  of  leucocytes  and  consequently  increase  in 
tin-  mcliilioliin  of  their  nuclei  j  in  some  eases,  however,  the  increase  is  chiefly  due 
to  nuclein  in  the  food.  I" ric  acid,  which  comes  from  nuclein  Or  purine  substances 
in  the  food,  is  termed  §roy  i ■■■■*      Ui  it  >  from  metabolism  is  termed  rmfo- 

qtnou*.  Although  special  attention  has  been  directed  to  the  nuclei  of  leucocytes 
because  these  can  be  readily  examined  during  life,  it  must  be  remembered  that  the 
nuclein  iuetaholi.Mii  of  ull  cells  may  contribute  to  uric  acid  formation.  I  be  bj  D&hfltie 
formation  of  uric  acid  from  ,-imuioiiiaand  lactic  acid,  which  is  so  important  in  birds, 
occurs  iu  mammals  to  a  slight  extent  onh  . 


Hippuric  Acid. 

Hippuric  Acid  (CuH^NOj),  combined  with  bases  to  form  liiji- 
purates,  is  present  in  small  quantities  in  human  urine,  but  in  largo 
quantities  in  the  urine  of  herbivora.     This  is  due  to  the   food   of 
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lierbivora  containing  substances  ltelonging  to  the  aromatic  group — 
the  benzoic  acid  series.  If  benzoic  acid  is  given  to  a  man,  it  unites 
with  glycine  with  the  elimination  of  a  molecule  of  water,  ami  is 
excreted  as  hippuric  acid— 


CLH..COOH 


C  H  ,NH.CO.C8H6 
OH 


CH..NH. 

COOH 

This  is  a  well-marked   instance  of  synthesis  carriod  out^  in    this 
animal  body,  and  experimental  investigation  shows  that  it  is  u 

lied  by  the  living  cells  of  the  kid- 
ney itaelf ;  for  if  a  mixture  of  glycine, 
lien  zoic  acid,  and  blood  is  injected 
through  the  kidney  (or  mixed  with  a 
Rlinoad  kidn»-y  just  removed  from  tlm 
body  of  an  animal).  t,h*-ir  place  is  (bond 
to  have  been  talc  on  l»y  hippuric  aril 

Creatinine. 

Tim  creatinine  of  the  urine  is 
next  to  area  its  most  abundant,  nitro- 
genous constituent.  Some  is  <lerived 
aireotty  from  t  lie  creatine  of  the  meat 
in  &M  rood.   Tlie  remainder  is  a  product 

of  protei-  the  creatine  of  the  muscles  ifl  possibly  an 

intermediate  stage  in    its  formation.      This  amount   remains    very 
int  even  when  'nod  is  greatly  reduced  in 

quantity.    (Folln.) 

Tho  formation  of  creatinine  from  creatine  is  represented  in  the 
following  equation : — 


-0— Cr>«Ul».ifhlp5mr 


C.H.N.O,   -   II. O  -  c  II  \  a 

(CimUncJ  -r.\  [Cnu 


i  reatiuiue  are  of  considerable  chemical  interest,  bocause 
urea  can  be  obtained  from  them  as  one  of  their  decomposition  products 
in  the  laboratory;  the  equation  which  represents  the  formation  of 
urea  from  creatine  is  as  follows : — 


<'iI„VaO, 

|CimUn«.] 


+   H  <> 


COK  II      :    (    llTNO 


CtT"».) 


|BVBHH 


:r 


Tho  second  sul>stauce  formed  is  sarcosina  Sarcosine  is  roethyl- 
glycinc— that  is,  amino-acotic  acid  in  which  one  H  is  replaced  by 
methyl  (<  II  I 

VII  (II 


CK 


<-()on. 


6M 


THE    URINE 


[cir.  XXX 


Creatinine  with  zinc  chloride  gives  a  characteristic  crystalline 
precipitate  (groupe  of  fine  needles)  with  composition 

c  ii.  \  _<>./,.<  i 

According   to   the  recent  researches   of  G.   S.  Johnson,  urinary 
creatinine,  though  isomeric  with  the  creatinine  obtained  artili<.ia!lv 
from  the  creatine  of  flesh,  differs  from  it  in  some  of  its  pruix-.r 
such  as  reducing  power,  solubility,  and  character  of  its  gold  salts. 
The  reducin ./  o!  urinary  creatinine  has  led  to  Borne  confusion, 

for  some  physiologists  havo  supposed  that  the  reducing  action 
Folding's  solution  and  picric  acid  of  normal  urine  is  due  to  bul 
whereas  it  is  really  chiefly  due  to  creatinine.     The  readiest  wo. 
separating  Oieatinine  bom  urine  is  the  following: — To  the  urine  a 

mtietfa  oi  its  vulumt)  uf  a  saturated  solution  of  sodium  acetate  is 
idded,  and  then  one  Bonrtfa  of  its  volume  of  .!  aatmcal  id  Bolntaon  of 
mercuric  chloride:  this  produces  an  immediate  abundant  precipitate 
of  urates,  sulphates,  and  |  tes,  which  is  removed  by  filtration  ; 

the  filtrato  is  then  allowed  to  stand  for  twenty-four  hi  rhea  the 

precipitation  of  a  mercury  salt  of  creatinine  (C4H5HgN3OHCl),(HgCL)a 
+  2HS0  occurs  in  the  form  of  minute  spheres,  quite  typical  on  mid 
Bcopic  examination.  This  compound  londs  itsolf  very  woll  to  quan- 
titative analysis.  It  may  be  collected,  dried,  and  weighed,  and 
one-fifth  of  the  weight  found  is  creatinine.  Creatinine  may  be 
obtained  from  it  by  suspending  it  in  water,  decomposing  it  v 
sulphuretted  hydrogen,  and  filtering.  The  filtrate  deposits  creatinine 
hydrochlori' I  which   load  hydrate  liberates  creatinine.      As 

important  point  in  .Tehuson's  process  is  that  all  the  operations  are 
carried  out  in  the  cold ;  if  heat  is  applied  one  obtains  the  creatinine 
of  former  writers,  which  has  no  reducing  power. 

The  Inorganic  Constituents  of  Urine. 

The  inorganic  or  mineral  constituents  of  urine  are  chiefly 
chloridos,  phosphates,  sulphates,  and  carbonates;  the  metals  with 
which  these  are  in  combination  are  sodium,  potassium,  ammonium, 
calcium,  and  magnesium.  The  total  amount  of  these  salts  varies 
from  19  to  25  grammes  daily.  Tho  most  abundant  is  sodium  chloi  i 
winch  averages  in  amount  10  to  16  grammos  per  diem.  These  sub- 
stances are  derivc.il  from  two  sources — first  from  the  food,  and  secondly 
as  the  result  of  metabolic  processes.  The  chlorides  and  most  of  the 
phosphates  tomo  from  the  food ;  the  sulphates  and  some  of  the  phos- 
phates, as  a  result  of  metabolism.  Tho  salts  of  the  blood  and  of  tho 
urine  are  much  the  same,  with  tho  important  exception  that,  whereas 
tho  blood  contains  only  tracos  of  sulphates,  tne  urine  contains 
abundanco  of  these  salts.  Tho  sulphates  are  derived  from  tho 
changes  that  occur  in   tho  proteids  of  the  body;    the  nitrogen   of 
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proteids  leaves  the  body  as  urea  and  uric  acid;  the  sulphur  of  the 
proteids  is  oxidised  to  form  sulphuric  acid,  which  passes  into  the 
urine  in  the  form  of  sulphates.  The  excretion  of  sulphates,  more- 
over, though  it  occurs  earlier  than  that  of  urea,  runs  parallel  with  it. 

Chlorides. — The  chief  chloride  is  that  of  sodium.  The  ingestion 
of  sodium  chloride  is  followed  by  its  appearance  in  the  urine,  BOBM 
on  the  same  day,  some  on  the  next  day.  Some  is  decomposed  to  fol  DO 
the  hydrochloric  acid  of  the  gastric  juice.  The  salt,  in  passing 
through  the  body,  fulfils  the  useful  office  of  stimulating  metabolism 
and  secretion. 

Sulphates. — The  sulphatoB  in  tho  urine  are  principally  those  of 
potassium  and  sodium.  They  are  derived  from  tho  metabolism  of 
proteids  in  tho  body.  Only  the  smallest  trace  enters  the  body  with 
the  food.  Sulphates  have  an  unpleasant  bitter  taste  (for  instance, 
Epsom  salts):  hence  we  do  not  take  food  that  contains  them.  The 
sulphates  vagy  in  amount  from  1*5  to  3  grammes  daily. 

In  addition  to  these  sulphates  there  is  a  small  quantity,  about 
one-tenth  of  the  total  sulphates,  that  are  combined  with  organic 
radicles:  these  are  known  as  ethereal  sulphates,  and  they  origin 
from  putrefactive  processes  occurring  in  tho  intestine.  The  chief 
of  these  ethereal  sulphates  are  phenyl  sulphate  of  potassium  and 
indoxyl  sulphate  of  potassium.  The  latter  originates  from  the  indole 
formed  in  the  intestine,  and  as  it  yields  indigo  when  treated  with 
certain  reagents  it  is  sometimes  called  indican.  It  is  very  important 
to  remember  that  the  indican  of  urine  is  not  tho  same  thing  as  the 
indican  of  plants,  which  is  a  glucosido.  Both  yield  indigo,  but  thore 
the  resemblance  ceases. 

Tho  formation  of  those  sulphates  is  somewhat,  important;  the 
aromatic  substances  liberated  by  putrefoctivo  processes  in  the 
intestine  aro  poisonous,  but  their  conversion  into  ethereal  sulphates 
renders  thom  harmless. 

Tbi  oqitttka  r<  presenting  the  formation  of  potassium  ph. mj  l-sulphate  is  at 
follows  :— 

C,HaOH   4    SO/gg         SCy;'gj£«H*    I    HA 

|l1lWMi.|  |W»Lr  | 

lijJn^n         phmyl-jiilplntr.] 
tulptiato.) 

Indole  (C„H;N)  on  absorption  >»  converted  into  indoxyl  :— 

r  .,      C.OH:CH 
****>  MI. 

The  equation  representing  the  formation  of  potassium  indosyl-sulphatc  ut  as 
follows  :— 

C.I1.NO    •    90,    §2         SO'\OK,,H  V        " 

(lu^.ijl.l  i  (War 

'.      .„•■•:.  latioxyl-mlpliAU.J 
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Carbonates. — Carbonates  ami   bicarbonates  of  sodium,  calcium, 
mag)i>-.->iiu:i.   Mid   ammonium  are  only   present   in  alkaline    urine. 
They  arise  from  the  carbonates  of  the  food,  or  from  vegetable  a< 
(malic,  tartaric,  etc.)  in  the  food.    They  are,  therefore,  round  in  the 
urine  of   herbivora  and  vegetarians,  whose  urine  is  thus  rend- 
alkaline.     Urine  containing  carbouat  mes,  like  saliva,  clc 

in   standing,  the  precipitate  consisting  of  calcium  carbonate,  and 
also  |  los. 

Phosphates. — Two  classes  of  phosphates  occur  in  normal  urine: — 

(1)  Alkaline  phosphates — that  is,  plm.sphates  of  sodium  (abund 
potassium  (scanty). 

(2)  Earthy  phosphates — that  is,  phosphates  of  calcium  (abund. 
uagncsium  (scum 

The  composition  of  the  phosphates  in  mine  is  liable  to  variation. 


Fin.  till.— Urinary  M4im«il  of  trtptl 

bM   (larx*    prtonu  i    »>••! 

iii»U  of  •nun  id  I  urn,  fpjai   uriiw  wbioli 
li*ii  uwiiTgnne  »J»c/iline  f*rment*t  on. 


Km.  *8J.— Unco*  iicp<)«ilt«l  hum  urine. 
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In   acid   urine  the   acidity   is  due   to   thfl    add   salts. 
chiefly : — 

Sodium  dihydrogen  phosphate,  NaH,,P04,  and  calciam  dihydrogem 
phosphate,  <';.(.!  .m,).,. 

In  neutral   urine,  in   Addition,  diaodiom    hydrogen   phosphate 

(NnHPO,),  calcium  hydrogen  phosphate,  CaHP04,  and  magnesium 

■  n   phosphate,  B&gHFOy  are  found.     In  alkaline  urine  there 

may  be  instead  of,  or  in  addition  to,  the  above,  i  &1  phosphates 

■  ium,  ami  inaynesiuin  [Na3P04,  Ca3(P04)J(  Mgs(P<  > 

Tho  earthy  phosphates  are  precipitated  by  tendering  'he  urine 

alkaline  by  ammonia.     In  decomposing  urine,  ammonia  is  formed 

urea :   this  also  precipitates  tho  earthy  phosphates.     The 

phosphates  most  frequently  found  in  the  white  creamy  precipitate 

trhjen  occurs  in  decomposing  urine  are: — 

(1)  Triple      phosphate      or      a inmonio  -  magnesium     phosphate 
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(XH4MgP04d-6H.,0).     This  crystallises  in  "coffin -lid  "  crystals  (see 
fig.  431)  or  feathery  stars. 

(2)  Stellar  phosphate,  or  calcium  phosphate;  this  crystallises  in 
stardike  clusters  of  prisms. 

As  a  rule  normal  urine  gives  no  precipitate  when  it  is  boiled ; 
but  sometimes  neutral,  alkaline,  and  occasionally  faintly  acid  urineB 
give  a  precipitate  of  calcium  phosphate  when  boiled:  this  precipitate 
is  amorphous,  and  is  liable  to  bo  mistaken  for  albumin.  It  may  be 
distinguished  readily  from  albumin,  as  it  is  soluble  in  a  few  drops  of 
acetic  acid,  whereas  coagulated  pmloid  ck>6B  ttOl  dissolve. 

The  phosphoric  acid  in  the  urine  chiefly  originates  from  the  phos- 
phates of  the  food,  but  is  partly  a  decomposition  product  of  the  phos- 
phorised  organic  materials  in  the  body,  such  as  lecithin  and  nuclein. 
The  amount  of  Ps06  in  the  twenty-four  hours'  urine  varies  from  25 
to  35  grammes,  of  which  the  oarihv  phosphates  contain  about  half 
(1  to  15  gr.). 

Testa  ror  the  Inorganic  Salts  of  Urine. 

Chlurid**.  —  \.  uluUtr  with  nitric  acid  and  add  silver  nitrate  ;  a  while  precipitate 
of  silver  chloride,  soluble  in  ammonia,  is  produced.  The  object  of  acidulating  with 
aitric  acid  is  tn  prevent  phosphates  being  precipitated  hy  the  silver  nitrate. 

Sni/'htiffn.—  Acidulate  with  hydra  UoriC  ft  \&,  and  add  barium  chloride.  A 
white  precipitate  of  buhm  -.ulphateis  produced.  Hydrochloric  acid  is  again  added 
t  precipitation  of  phosphn' 

Pkoipktttt,     i.   Add  ammonia;  a  while  crystalline  precipitate  of  earthy  (that 

i Iciii in  and  magnesium)  phosphites  i.  pfodveocL  Tin-  becomes  more  apparent 
on  standing.  The  alkaline  (that  is.  sodium  and  potassium)  phosphates  remain  in 
solution,  d.  Mb  another  pOfllao  of  mine  with  half  its  volume  of  nitric  acids  add 
ammonium  nnlvhdate,  ana  boil.  \  jrdfcw  crystalline  precipitate  falls  This  test  is 
given  by  both  claSMM  M  pho  chatca. 

Qmamtitatioi  $$tlmatl0n  of  the  wilts  is  accomplished  hv  the  use  of  solutions  of 
standard  strength,  which  tN  <im  Into  the  Urine  till  the  I'mn  itlon  of  a  precipitate 
cease-.  Tlie  standards  an?  made  of  sil\cr  nitrite,  biriuru  chloride,  and  uranium 
nitrate  or  acetate  for  chloride-.,  itdpfaatea  and  phosphates  respectively. 


Urinary  Deposit* 

TJio  dim: rent  substances  that  may  occur  in  urinary  deposits  are 
formed  dements  and  chemical  substances. 

The  formed  or  anatomical  elements  may  consist  of  blood 
corpuscles,  pus,  mucus,  epithelium  cells,  spermatozoa,  casts  of  the 
urinary  tubules,  fungi,  and  entozoa.  All  of  these,  with  the  exception 
of  a  small  quantity  of  mucus,  which  forms  a  flocculeut  cloud  in  the 
urine,  are  pathological,  and  the  microscope  is  chiefly  employed  in 
their  detection. 

The  chemical  substances  are  uric  acid,  urates,  caicium  oxalate, 
calcium  carbonate,  and  phosphates.  Itarer  forms  arc  leucine,  tyrosine, 
xanthine,  and  oystin.  We  shall,  however,  here  only  consider  the 
commoner  deposits,  and  for  their  identification  the  microscope  and 
chemical  tests  must  l>oth  be  employed. 
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Deposit  of  Uric  Acid. — This  ia  a  sandy  reddish  deposit  resembling 
cayenne  pepper.     It  may  be  recognised  by  its  crystalline  form  | 
429,  p.   561)  and  the  rnurexido  reaction.     The  presence  of   these 
crystals  generally  indicates  an  increased  formation  of  uric  acid,  and, 
if  excessive,  may  lead  to  the  formation  of  stones  or  calculi  in 
bladder. 

Deposit  of  Urates. — This  is  much  commoner,  and 
uriir  in    normal  urine  when  it  cools.      I; 

generally  bond    in    tho  concentrated    urine  of  fevers;  and   tfa 
appears  to  be  a  kind  of  fermentation,  called  the  acid  fermontan 
which  occurs  in  tho  urine  after  it  has  been  passed,  and  which  loads 
to  the  saine  result.     The  chief  constituent  of  the  deposit  is  the  r. 


Pio.  «SJ.— Cryntalu  of  calduto  oxalate. 


Fiu.  4»«.-Cr7»t»lnofcy«"». 


sodium  urate,  tho  formation  of  which  from  the  normal  sodium  urate 
of  tho  urine  may  bo  represented  by  tho  equation : — 


JC,ILNa«N403 

urate.) 


+    H..O 

[Wafer.) 


+  CO 

[flartwki 

acW.] 


8C.H.N«N40,  +  NaX 

, ,  (Sodium 


carbonate.] 


This  deposit  may  be  recognised  as  follows: — 

(1)  It  has  a  pinkish  colour;  the  pigment  called  uro-erythrin  is  one 
of  the  pigments  of  the  urine,  but  its  relationship  to  the  other  urinary 
pigments  is  not  known. 

(2)  It  dissolves  upon  warming  the  urine. 

(3)  Microscopically  it  is  usually  amorphous,  hut  crystalline  forms 
similar  to  those  depicted  in  fig.  431  may  occur.  Crystals  of  calcium 
oxalate  may  be  mixed  with  this  deposit  (see  fig,  433). 

Deposit  of  Calcium  Oxalate. — This  occurs  in  envelope  crystals 
(octahedra)  or  dumb-bells.  Tt  El  insoluble  ia  ammonia,  and  in  acotic 
sold     It  is  soluble  with  difficulty  in  b 

Deposit  of  Cystin. — Cystin  ((',;H,_,N.,S..()4)  is  recognised  by  its 
colourless  six-sided  crystals  (fig,  484  ^o  are  rare:  they  occur 
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only  in   acid    urine,  and    they   may  form  concretions  or   calculi. 
Cyatinuria  (cystin  in  the  urino)  is  hereditary. 

Deposit  of  Phosphates. — These  occur  in  alkaline  urine.  The 
urino  may  bo  alkaliue  when  passed,  due  to  fermentative  changes 
occurring  in  tho  1  1  il>l-  r.  All  urino,  however,  if  exposed  tu  the  air 
(nnlatt  the  air  is  p.MtVctly  j'»ure,  as  on  the  top  of  a  snow  mountain), 
will  in  time  become  alkaline,  owing  to  the  growth  of  the  micrococcus 
urea.     This  forms  ammonium  10  from  1 1 

<  «>N  H     +    2H,()    -   (N II 

|lrr«i_J  |W&»«r.j 

oar  bona  to.  1 

Tho  ammonia  renders  tho  urino  alkaline  and  precipitates  tho 
earthy  phosphates.  The  chief  forms  of  phosphates  that  occur  in 
urinary  deposits  are — 

(1)  Calcium  phosphate,  Ca^PO,), ;  amorphous. 

(2)  Triple  or  ammonio-magnesium  phosphate,  MgNIT4P04;  coffin- 
lids  and  feathery  stars  (fig.  431). 

(3)  Crystalline  phosphato  of  calcium,  CaHPO^,  in  rosettes  of 
prisms,  in  spherules,  or  in  dumb-1* ■! 

(4)  Magnesium  phosphate,  Mj_'/rO,),-r-22H.,0.  occurs  occasion- 
ally, and  crystallises  in  long  platea 

All  these  phosphates  are  dissolved  by  acids,  such  as  acetic  acid, 
without  effervescence. 

A  solution  of  ammonium  carbonate  (1  in  5)  eats  magnesium 
phosphato  away  at  the  sdgM ;  it  has  no  effect  on  the  triple  phosphate. 
A  phosphate  of  calcium  (CaHP04  +  2H.O)  may  occasionally  he 
deposited  in  acid  urino.  Pus  in  urine  is  apt  to  bo  mistaken  for 
pliMsjilnd-s,  but  nan  bo  distinguished  by  tho  microscoj*'-. 

Deposit  of  calcium  carbonate,  CaCO,,  appears  but  rarely  as 
whitish  balls  or  biscuit-shaped  bodies.  It  is  commoner  in  tho  urine 
of  herbivora.  It  dissolves  in  acetic  or  hydrochloric  toid  irith 
effervescence. 

Tho  following  is  a  summary  of  the  chemical  sediments  that 
occur  in  urino: — 

CIIF.M1CAL  SEDIMENTS   IN    LRINE. 


Ik  Ann  Urixk. 

thin  Add.  WImUIuuBi  damb bell. 
or  sl>>  aI  -hi:,  aggregations  of  crystals 
deeply  tinned  by  pigment 

UriUt.  Generally  amorphous.  Tlic 
mill  urate  of  sodium  and  of  aiiituunium 
imiy  lomattlBW  000(0  in  star  shaped 
chasten  of  needles  or  spheroidal  cl  a 
with  projecting  spines.  'Ilngcd  briclc- 
red.     Soluble  on  warming. 

Calrium     Orulale.    —  OrUhedra.    so- 


ls Ai  k*i  ivi  I  :«isi-. 

I'hn*ph>>  -Viutn      phosphate. 

Ca/POJ-    Amorphous. 

Triple  phosphate, 
MgNH.PO,    |    ftH.,0.       Coffin-lids    or 
feathery  stars. 

I  .ihiurn   hydrogen   phosphate, 
CaHPO,.    Rosette*, 
bafla. 

Magnesium  phosphide, 
Mg./PO,),   i    mfX     Long  plates. 


570 


(  I1KMUA1.  SEDIMENTS 

I*  At  n>  I  *i  vi. 

called  envelope  crystals,     lusolubl 
nolle  add. 

i..— Hexagonal  plates.     Rare. 
rnstM.  -  Hare. 

CaHPO,    •    2H,0.  -Hare. 


N     I   KINK  -ContimmmL 

In     \i  rAUMI    I'm: 

All  the  preceding  are  soluble  in  ;i 
acid  without  effervescence. 

.  CaCO,. — Biscuit- 
shaped  crystals.  Soluble  in  acetic  acid 
with  effervescence. 

C.UXNH.X-N.O,    _  "Thorn-apple" 
spherules. 

mm  ami  Tyrosins. — Very  rare. 


Pathological  Ukinb. 

Under  this  head  WB  shall   briefly  (ft  only   those  abnormal 

constituents  which  tre  most  frequently  not  with. 

Proteids. — There  is  no  protoid  matter  in  normal  urine,4  and 
most  common  cause  uf  the  sppe  ol  albumin  in  the  urin< 

disease  of  the  kidney  (Brlght'fl  disease).    The  term 

"albumin"    is    tho  one  used  by  clinical   observers. 
:  'orly  speaking,  it  is  a  mixture  of  serum  albumin 
aril  serum  globulin.     Of   these,  serum  albumin 
usually  lank     Globulins,  and  especi- 

ally engiobol  kbly  larger  molecules,  so 

escape  uf  global!  ttes  more  serious  damage  to 

the   renal   oelk      The  best  methods  of  testing 
and  estimating    thfl   ptoteid  are  the  following: — 

(•)  Boil  the  top  of  a  long  column  of  urine  in  a  test -i 
If  the  urine  ifl  acid,  the  albumin  in  coagulated.      If  the  quantity 
of  albiiiiiin  b   small,   the  cIotldUMBS  produced  is  read  . 

be  unboiled  urine  bekm  it  iv  clear.    This  is  insoluble  in  a 
few  drops  of  acetic  acid,  and  BO  in ;iy  be  distinguished    ii 
pliosphates.     If  the  urine  is  alkaline,  it  should  be  first  render*  d 
ldd  with  a  little  dilute  acetic  acid. 

flrt  HtUwft  .'i,  •■*/. — I'our  some  of  the  urine  gently 

OH  to  tli'-  surface  of  some  nitric  acid  in  B  test-tube.  A  ring  of 
white  precijntale  occurs  at  the  junction  of  the  two  li.|nuls.  This 
test  is  used  for  small  Quantities  of  ulbumin. 

(«•)  Estimation  of  AUntnsH   fiji  AV-n. //•  titfmtniitonttti  — 
Eshat'h's  Reagent   tot  prednttatlng  the  albumin  is  miul 
dissolving;  10  grammes  of  picric  acid  and  20  grammes  of  i 
acid  in  800  or  900  C.e.  Ol  betting  water,  itnd  then  adding  sutlkiciit  water  to  make  uj- 
to  a  litre  (1000  c  c.i. 

The  albuminometcr  is  a  test-tube  graduated  as  shown  in  fig. 
Pour  the  urine  Into  the  tube  Up  DO  the  mirk  l";  then  the  reagent  up  to  the 
in  irk  It.     Ctose  (lie  tube  with  a  cork,  and  to  ensure  complete  mixture,  tilt  if  to  and 


EsUcVi 

rier. 


*  This  absolute  statement  is  true  for  all  practical  purposes.  Morner,  Itowever, 
has  stated  that  a  trace  of  protctd  matter  (serum  sibumia  plus  the  proteid 
constituent  Of  mucin)  data  occur  In  normal  urine:  but  tfafl  trace  is  negligible, 
many  hundreds  of  litres  of  urine  having  to  be  used  to  obtain  an  appreciable 
quantity. 
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fro  a  dozen  bines  without  shaking.     Allow  the  corked  tube  to  stand  upright  twenty- 
OUM  ;  then  read  off  on  th-  igiilum.     The  figures  indi- 

cate grammes  of  dried  nlhumin  in  ■  litre  of  urine.     The  percentage  la  obtained  by 
dividing  by  10.     Thus,  if  the  coagulum  stands  at  3.  the  amount  of  album* 
i— '""'—  pBf  litre.  Of  0*1  gr.    in  MB  c.c.      If  the  sediment  falls  between  any  two 
the  distance  \.   ',.  or  £  from  tin   np|>.  r  nr  lower  figure  < an  be  read  off"  with 

sufficient  accurac]      Thus,  the  nt  being  midway  bstaresj 

I  wooll  l>c  mad  is  :>  ."..  When  the  nlbumm  is  SO  .iliuridunt  that  the  sediment  is 
nbovc  I,  a  more  accurate  result  i  i  btsincd  by  first  diluting  the  urine  with  one  or 
two  YolumeJ  of  water,  ud  I  lien  multiplying  the  resulting  figure  by  'J  or  3.  as  the 
ease  ma*  btt     If  the  amount  of  ilbunin   la  lesi  limn   •05  per  cent. ,  it  cannot  be 

ii' .-i -unit cfy  estimated  by  this  method. 

A   oonditaon   oalled  "  iioptonmiiV  or   peptone  in  the  urine,  is 
oliserved  in  certain  pathological  states,  especiall y  in  diseases  9 
there  iB  a  formation  of  pus,  and  particular!}  if  ihr-  pus 
owing  to  the  action  of  a  bacterial  gTowth  called  staphylococcus;  one 
of  the  producta  of  disintegration  of  pus  cells  appears  to  be  pepi-  n  ■ 
and  tliis  loaves  the  body  by  tho  urine.     The  term  "  peptone,    how- 
over,  is  in  tho  strict  seuso  of  the  word  incorrect ;  the  proteid  present 
is  deutero -proteose.     In  the  discasn  of  hnno  called  "osteonmhii 
proteose   is   also   usually   found    in    tho   urino.      This  more   nearly 
resembles  hetero-proteose  in  its  properties. 

Sugar. — Normal  urine  contains  no  sugar,  or  so  little  that  for 
clinical  purposes  it  may  l>e  considered  absent.  It  occurs  in  tho 
disease  called  diabetes  mellitus.  which  can  be  artificially  produced  by 
puncture  of  the  medulla  oblongata,  or  by  extirpation  of  the  pancreas. 
The  disease  as  it  occurs  in  man  may  be  aw  bo  disordered  metabolism 
of  I'm  liver,  to  disease  of  1,1m  p.-nn-:.  afl,  Bod  to  other  not  fully  under- 
stood  causes  (see  p.  E I 

The  sugar  present  is  dextrose.  Lactose  may  occur  in  the  urine 
of  nursing  mothers.  Diabetic  urine  also  contains  hydroxybutyric 
odd,  and  may  contain  or  yield  on  distillation  acetone,  and  ethyl- 
diacetic  acid.       The  methods   usually  adopted    for  detecting  and 

•uating  the  sugar  are  as  follows: — 

!n)  The  urine  has  generally  a  high  specific  gr., 
The  presence  of  BOgl  ■  retlm  tion   (yellow    precipitate  .if 

eaprona  oxide)  that  occurs  on  Itniling  with  rchling's  solution.  Folding's  solution  is 
an  alkaline  solution  of  copper  ml  I  vMch  Kochelle  salt  luu  been  added.     The 

RocheUfl  nil  (doable  tttUfttt  of  potash  mid  soda)  holds  the  ciiprie  hydrate  in 
solution.  Fehihlga  lolotioo  should  always  be  freshly  prepared,  as.  on  standing,  an 
Isomeride  M  formed  from  the  tartaric  leid*  which  redurea  the  cuprie  to  cuprous 

oxide.  PehBnga  BOWtiOD  *h"iilil.  therefore.  Always  be  tested  by  boiling  before  it  is 
used.     If  it  remains  clear  on  boiling,  it  is  in  good  condition. 

[r)  I'irri  .'. — Taken  ilr.ichm  (.tlitnit   ;  c.c  )  of   elirtln-t  ic  uriin-  ;   add  to  it 

an  equal  volume  of  saturated  aqueous  solution  of  ]  .  and  half  the  volume 

(i.n..  '£  c  c ,)  of  the  liquor  pot.t gSS  Of  the  BfW  h  Ph.-irmacopn-ia.  BoD  UkO  mixture 
for  about  a  minute,  and  it  becomes  so  Intensely  dnrk  red  as  to  be  opaque.  Now  do 
Hie  ISJOS  experiment  with  norms]  urine.  An  orange-red  colour  upiie.-irs  even  in  the 
ci ild,  .ind  is  deepened  by  boiling,  but  it  iirwr  b  i.iujue,  and  no  the  urine  for 

,  Inn.  tl  purpose!  may  be  considered  free  from  sugar.  This  reduction  of  picric  acid 
liy  normal  urim-  i.-.  vine  H  creatinine  (■■•  e  p.  S84)i 
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••  »/  Snynr  m  '>.>«.— Frhbng's  solaboa  b  pre- 
pared a»  fallows:  34-639  gramme*  of  copper  sulphate  are  dnsolrrri  in  about  300 
!  water :  178  grammes  of  Korhellc  salt  are.  dissolved  in  600  c.e.  at  a 
14  [»  r  crot  solution  of  eaustie  soda.  Tin-  two  solution*  ore  mixed  and  diluted 
liter.  I'm  tc.  of  this  solution  are  equivalent  to  OUi  gramme  of  dextrose.  Dilut 
solution  with  about  40  c.r.  of  water,  and  boil  it  in  a  porcelain  basin. 
Hut.  .  burette  the  ur.n>- (wli.rh  should  I"  >uUi  nine 

lOtil  the  blu»-  colour  of  111 
irpcars— that  K  till  all  the  capric  hj  dm-ed.     The  mixture  in  the  bum 

should  l>e  boiled  after  every  addition.  tity  of  diluted  urine  used  from  the 

line  of  sugar.     Calculate  the   porerntage   from    thi«. 
•embcring  tli  it  the  urine  has  be*  a  diluted  to  ten  times  its  original  volume 

Folding's   ■-olution    is    often  Hrre    ammonia 

holds  the  copper  in  solution,  and  no  pn-vipitate  forms  on  boiling  with  sugar,  as 
amniom*  hold*  the  cuprous  oxide  in  solution.     The  reduction  is  complete  when  the 

•  dour  disappear*;  10  c.c.  of  Pavy'i  solution  .ling's  so! 

0401  gramme  or  dextrose. 

In  some  coses  of  diob-  i  re  is  excess  of  amrminio-magnesM- 

•  -.  the  full  is  not  obtained  with  Pehling'i  total  when  tlir 

ijuimhty  uf  sugar  is  small  it  may  be  mlsv-il.      In  Bach  a  case  rxcess  of  soda  or 

potash  should  be  first  added,  the  precipitated  phosphates  filtered  o(T,  and  the  filtrate 

after  it  has  been  well  boiled  DM*  Baa  be  titrated  wKli  Fehling's 

ling's   test  is   not   absolutely   trustworthy        Often   a   normal   urine    will 
-  Pehling's  solution,  though  seldom  n  red  precipitate  is  fanned 

irate*  and  creatinine      Ann  stance  called  el  ndd 

((',  I  i    •  •.  •  r.  very  likely  to  be  confused  with  sugar  by  Pehling  s  test  ;  the 

ipenmnee  I  let  the  adn.  hor. 

It  eppeatt  independently  of  ding*  treatment.     (Sec  p.  517.) 

In  the  n  c  Jh  'i  u ■■i|itiMiuriii.  conAtttoo 

nrUe.     A I  which  originate*   from   tyrosine   by  on  unusual 

form  of  mctabclBHD.      It  give-  Hie  urine  a  brown  lint,  which  darkens  on  exposure 

to  the  air.     It  is  h'i  balance*  which  Baui  WoUcov  tad  I 

Onrrad  Identified  with  homogentisfnic  arid  iC„H:..(<  M  I  I  1 1   •  <  >OH> 

(*■)    \  good  i ■■nilirniatory  test  for  lugai  is  t  .  .,.  r.*/,  which  is  |>er- 

Ibnned  <u»  follows : — 

Half  fill  a  test -tube  with  the  urine  am]  add  a  I. tile  German  yeast     Kill  U| 
■  iili  1 1 1 ■  - r .  i » t  %  ;  jii  i  mercury,  and  leave  it  in  a  warm  place 

for  twenty  tour  hours.      The  sugar  will  undergo  fermt-nta1  IODIC  acid  gas 

i  tin-  tulx-,  and  tin-  liquid  no  longer  gives  I  he  testa  for  sugar,  or  o 

fainlly,  but  gi"i  "i-      Hi'     ;■    ifii  BrW  il>  folk.      \  control 

rim. ni  should   l>e  in.uli-  with  yr;isl    and  water  in  hiiuiIk  r  It -st-l  nbc,  as  a  small 

"I'ui i<   add       M  mm  -times  obtained  from  impurities  in  the  yeast. 

(J)  The  phsmgltifdratbu  lest  (p.  U'.'l)  may  al.su  l»<-  applied. 

Bile. — This  occurs    in   jaundice.      Tho    urino    is    dark-bra 
greenish,  or  in  oxtromo  cases  almost  black  in  colour.     Tho   most 
readily  applied  test  is  Gmelin's  tost  for  tho  bile  pigments.     Petten- 
kofor's  tost  for  the  liiln  acids  seldom  succeeds  in  urine  if  tho  tost 
in  (bo  um1iii.ii-  The  beet  method  is  to  warm  a  thin 

film  of  ut in"  end  oene  sugar  solution  in  a  flat  porcelain  dish.     Then 

.i  glass  rod  in  strong  ralphm  in  id  L  end  drew  it  across  the  film. 
Tts  track  is  marked  by  a  purplish  lino.    Excess  of  urobilin  should  not 

in  ale  pigment. 

Blood. — When  h.i.Mii"ifhago  occurs  in  any  part  of  tho  urinary 
tract,  blood  eppOfifl  in  the  urino.  Tt  is  found  in  tho  acute  stage  of 
Brightfc  diaeaae.     If  a  largo  quantity  is  present,  the  urine  is  deep 
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red.  Microscopic  examination  then  reveals  the  presence  of  blood 
corpuscles,  and  on  spectroscopic  examination  thu  bands  of  oxyhemo- 
globin are  seen. 

If  only  a  small  quantity  of  blood  is  present,  the  secretion — 
especially  if  acid — has  a  characteristic  reddish-brown  colour,  which 
physicians  term  "  smoky." 

The  blood  pigment  may,  under  certain  circumstances,  appear  in 
the  urine  without  tho  presence  of  any  blood  corpuscles  at  all.  This 
is  produced  by  a  disintegration  of  tho  corpuscles  occurring  in  the 
circulation,  and  the  most  frequent  cause  of  this  is  a  tropical  disease 
allied  to  ague,  which  is  called  paroxysmal  hctmoglobinuria  (Bl.v 
water  fever).  The  pigment  is  in  the  condition  of  methaemoglobin 
mixed  with  more  or  less  oxyhemoglobin,  and  the  spectroscopo  is 
tho  moans  used  for  identifying  those  substances. 

Pus  occurs  in  the  urine  as  the  result  of  suppuration  in  any  part 
of  the  urinary  tract.  It  forms  a  white  sodimont  rcsorablin^  that  of 
ill-  ;i  i  i  .  and,  itnlt'cil,  is  always  mixed  with  phosphates.  The  pus 
corpuscles  may,  however,  be  seen  with  tho  mioroeoope;  their  nuclei 
are  rendered  evident  by  treatment  with  1  per  cent,  acetic  an-l, 
the  pus  corpuscles  are  seen  to  resemble  white  blood -corpuscles,  which, 
in  fact,  they  are  in  origin.     They  dissolve  in  glacial  acetic  acid. 

Some  of  the  proteid  constituents  of  the  pus  cells — and  the  same 
ia  truo  for  blood — pass  into  solution  in  thu  urine,  so  that  tho  u 
pipetted    off   from    the   surface  of   thu  deposit  gives    the   tests    for 
.■ill  nimbi. 

On  the  addition  of  lirj  lOf  potassse  fee  tho  deposit  of  pus  cells,  a 
»opy  gelatinous  mass  is  obtained.  This  is  distinctive.  Mucus  treated 
in  the  same  way  is  dissolved. 

Arglnlno  and  Ar Kinase      We  linrc  seen  (p.  667J  tluit  ugriiune  belong!  to  the 

satne  elans  of  substances  as  creatine.     Creatine  fmethvl-jfiiani.! b  add)  lias 

N'H  <\ 
Hi. ■  f.nnula      .  C         NlCII,)CIL,COOH.     On  dw.iupo»Uiuti  Uiia  take»  up  a 

molecule  of  water,  .11  iii  splits  "i  the  situation  of  the  dotted  line  In  Uh  ibt  '"•''  te-rmula 

Into  urea  ^J{     CO.  m  «•■  Mlt'CH  /.'IIXOOH  (tea  also  t..  ine 

formula    for  araintne  dfefcra  Iron  thai  of  creoU hi  the  right  A   oi  the 

formula,  where  the  mi  a  laced  by  thai  ol  ilia  mm  i«l  or 

ornithine.     Tin-  decomposition  "i  aijjinii    Into  nta    tad  a  nithine  ou  l»e  bra 

•bout  l>y  n  ferment  ealle. I  n,  ..it'/'.''  |k. .-.■•••!  ;mil  Dakin)  which  OCCBCS  hi  th-1  li-sUCS, 
esjiecl.tl'ly  in  the  h.er.     This  ■  the  first  dfe  I  a  urca-forumi;*  term 
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it  is  subjected  to  most  fri.-.tmn      The  cells  of  the  deepest  layers  of 
tho  Mai  pi  ue  columnar  in  shapo;  the  layers  next  to  these 

are  composed   of*  polyhedral  cells,   which    become  flatter  as   they 
approach  the  horny  layers.     Betweeu  those  cells  are  fine  intercellular 


. 


M 


R 


li 
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rxi 

passages,  bridged  across  by  fine 
protoplast  >  i  esses,  which 

pass  from  cell  to  cell ;  the  spaces 
between  the  cells  serve  for  tho 
passage  of  lymph.     It  is  in  the 
Mllfl  of  the  Jialpighian  layor  that  pig- 
ment granules   are  deposited    in    ut6 
coloured  races. 

Between  the  horny  layer  and  the 
Malpi^hian  layor  are  two  intermediate 
strata,  in  which  the  transformation  of 
protoplasm  into  horny  material  (kera- 
tin) is  taking  place.  In  the  firet  of 
these — that  is,  the  one  next  to  the 
Malpighian  layer,  the  cells  are  Bat- 
tened,  and  filled  with  large  granules  of  eleidin,  an  intermediate  sub- 
stance iu  tho  formation  of  horn.  This  layer  is  called  the  stratum, 
granidosum. 

Above  this  are  several  layers  of  clear,  more  rounded  cells,  which 
constitute  tho  stratum  lucidum;  and  above  this  the  horny  layer 


Ual  a*cUoa  of  ikln. 
•■"Uceou*  gUii'l  n| 
into  bale  MUcfi  B  Hu»en. 
lar  fibres.  C.  Sudarttoou  or 
*w*»t-i?l«n<l.  D.  butx-uUMou* 
Ut.     I  rbaJr  follicle, 

with  hair  r*r.lU».    (Klein.) 
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proper,  many  strata  deep,  begin*    Tho  colls  become  more  and  more 
scaly  as  they  approach  the  surface,  where  they  lose  their  nuclei  and 
tually  l)ocome  detached. 
The  epi d  rowB  by  a  multiplication  of  the  deepest  layer  of 

J5 


^ 


i.T*.— linrUee  at  a  white  hair,  aanntflad  \'fi  dlaniotano.    Tli«  wavy  liim  mark  Uio  upper  or  frw 
•Igw  Of  ttie  curliral  icalct.     A  tcparatoil  »'«ta,  ma^illtc)  8M  diameter*.    (K<  lilkcr.) 

cells  (fig.  -i:_;o  c»;  the  newly-formed  oeUa  push  town  surface 

those  previously  formed,  in  their  progress  undergoing  the  transfer 
raatiun  into  keratin. 

Tho  Bpidermia  has  no  blood-vessels;  nerve-fibrils  pass  into  its 
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deepest  layers,  and  ramify  between  the 
cells. 

The  Dermis  is  composod  of  dense 
tiliimis  tissue,  which  becomes  looser  i 
more  reticular  in  its  deeper  part,  when; 
it  passes  by  insensible  degrees  into  the 
areolar  and  adipose  tissue  of  the  sub- 
cutaneous region.  The  denser  8U|i«t  Hcial 
layer  is  very  vascular,  and  is  covered 
with  minute  papilla;  the  epidermis  is 
mouldod  over  those,  and  in  tho  palms 
and  soles,  whero  tho  papilla  are  largest 
and  are  disposed  in  rows,  their  presence 
is  indicated  by  the  well-known  ridges 
mi  the  surface. 

Tho  papilla  contain  loops  of  capil- 
laries, and  in  some  cases,  especially  in 
the  palm  of  the  hand  and  fingers,  they 
contain  tactilo  corpuscles  (whien  will  be- 
more  fully  described  in  connection  wifcb 
the  sense  of  touch).  Special  capillary 
i -ks  are  distributed  to  the  sweat-glands,  sebaceous  glands,  and 

hair  follicles. 

The  deeper  portions  of  the  dermis  in  tho  scrotum,  penis,  and 

nipple,  contain  involuntary  muscular  tissuo;  thero  is  also  a  bundlo  of 

muscular  tissue  at r.nl i. , i  to  each  hail  follicle 


.11*1        K~-ll.II, 

hair  fulllrln.    nai  ,   root- 

•heath;  r,  liitwual  ruut-shratli ; 
'I.  Ilhrvua  foyorof  the  liur;  -,  m<~ 
dolla;  /,  hair  papilla;  g.  blood- 
TW«li  of  Hi*  hair  papula;  a, 
dermic  coat.    (Cay)iat.) 
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The  Nails  are  thickenings  of  the  stratum  lucidum.  Each  lies  in 
a  depression  called  the  bed  of  the  nail,  the  posterior  port  of  v,hi< 
overlapped  by  opidermis,  and  called  the  nail-groove.  Tim  Jennie 
Unoath  is  besot  with  longitudinal  ridges  instead  of  papill.i-;  these 
are  very  vascular;  but  in  the  lunula,  the  crescent  at  the  base  of  the 
nail,  there  are  papillae,  and  this  part  is  not  so  vascular. 

The  Hairs  are  epidermal  growths,  contained  in  pits  called  hair 
follicles.     The  part  witliin  the  follicle  is  called  the  root  of  the  hair. 

The  main  substance  of  the  hair  is  composed  of  pigmented  horny 
fibrous  material,  in  reality  long  fibrillated  cells.     It  is  covered  by  a 
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Fto.  ««0.—  Trmcivwwi  taction  of*  hair  and  litlr  fulliclo  road*  bolow  tin  opening  or  1!j«  aahacootu  glairi. 
a,  mtdulla,  or  pith  uftha  lialr;  I;  Dbroat  laytj  ;  e,  «rUel« ;  'I,  HttJOejy*i  lave*  ;  f,  Henla't  layer  of 
internal  woUtliMtb ;  /and  p.  layars  of  external  root-aueath,  ooUl'U  org  It  the  fratetntct  mtaonn* 
PC  byalin*  layer ;  \,  diimk  (flbrooa)  coat  of  balr  follicle ;  i.  vcaseli.    (Capiat.) 

layer  of  scales  imbricated  upwards  (hair  cuticle).  In  many  hairs  the 
centre  is  occupied  by  a  medulla,  formed  of  rounded  cells  containing 
eleidin  granules.  Minute  air-bubbles  may  be  present  in  both  medulla 
and  fibroufl  layer,  and  cause  the  hair  to  look  white  by  reflected  light 
The  grey  hair  of  old  age,  however,  is  produced  by  a  loss  of  pigment. 

The  root  is  enlarged  at  its  extremity  into  a  knob,  into  which  pro- 
jects a  vascular  papilla,  from  the  true  skin. 

Tho  hair  fofliole  consists  of  two  parts,  one  continuous  with  the 
epidermis,  called  the  root-sheath,  the  other  continuous  with  tho  dermis, 
called  the  dermic  coat.  The  two  aro  separated  by  a  basement  mem- 
brane  called  the  hyaline  layer  of  the  follicle.     The  root-sheath  DOUt 
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sists  of  an  outer  layer  of  cells  like  tbe  Malpighian  layer  of  tho 
epidermis,  with  which  it  is  directly  continuous  (outer  root-sheath),  and 
of  an  inner  horny  layer  (inner  root-sheath),  continuous  with  the  horny 
layer  of  tho  epidermis.  Tho  innor  root-sheath  consists  of  three  layers, 
tho  outermost  being  composed  of  long,  non-nucleated  cells  (Hcnle's 
layer),  tho  next  of  squarish  nucloatod  colls  (Huxley's  layer),  and  tho 

third  is  a  cuticle  of  scales,  imbri- 
cated downwards,  which  fit  over 
the  scales  of  the  cuticle  of  tho  hair 
itself. 

A  small  hundle  of  plain  mus- 
cular fibres  is  attached  to  each 
follicle  (fig.  437).  When  it  con- 
tracts, as  under  the  influence  of 
sold,  one  of  oertain  emotions  such  as 
fear,  tin-  hui  is  erected  sod  the 
whole  skin  is  roughened  ("eooee 
skin ").  Tho  nerves  supplying 
theso  muscles  are  called  pilo-motor 
nerves.  Tim  distribution  of  these 
nervtiH  closi'ly  follows  those  of  the 
vasoconstrictor  nerves  of  the  skin; 


Flu.  441. — KttxuMCXi"  Kln"  '  r"""  1'UlBMi  •kill. 

(Klein  Mid  Nobis  Smith.) 

their  cell  stations  are  in  the  lateral 

apathetic  chain. 

The  sebaceous  glands  (figs. 
437  and  441)  are  small  saccular 
glands,  with  du^ts  opening  bate 
the  upper  portion  of  the  hair  fol- 
licles. The  secreting  cells  become 
charged  with  fatty  mattor,  which  is  discharged  into  the  lumen  of  tho 
saccules  owing  to  "the  disintegration  of  the  cells.  Tho  secretion,  sebum, 
contains  isocliolostetia  (SOS  p  612)  in  addition  to  fatty  matter.  It 
acts  as  a  lubricant  to  tho  hairs. 

The  sweat-glands  aro  abnnd  mt  over  the  whole  human  skin,  but 
are  most  numerous  whore  hairs  are  alwsent,  on  tho  palms  and  soles. 
Kach  consists  of  a  coiled  tube  in  the  deepest  part  of  the  dermis,  the 


fin.  «S.— Terminal    total*-   of  radorttrBM  or 
■wMt-cUnd*,  cut  In  v»riou»  rtlP' 
the  nk(n  of  th*  pig  1  »'■    ( v  •  D.  Ilirrn.) 
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duct  from  which  passes  up  through  the  dermis,  and  by  a  corkscrew- 
liko  canal  through  the  epidermis  to  the  surface. 

The  secreting  tube  is  lined  by  one  or  two  layers  of  cubical  or 
columnar  cells;  outside  this  is  a  layer  of  longitudinally  arranged 
muscular  fibres,  and  then  a  basemen  t-muiubrune. 

The  duct  is  of  similar  structure,  except  that  there  is  usually  but 
one  layer  of  cubical  cells,  and  mu  (dfla  BoBBl  an  absent;  the  passage 
through  the  epidermis  has  it"  props  uall;  it  is  merely  a  channel 
excavated  between  the  epidermal  cells. 

The  ceruminous  glands  of  the  ear  are  modified  sweat -gland  a 


The  Functions  of  the  Skin 

Protection. — The  skin  acts  as  a  protective  organ,  not  Otlfa 
mechanically    covering  and    80   defending   internal    StrUOtims   from 
external  violence,  but  moro  particularly  in  virtue  of  its  being  an  organ 
of  sensation  (see  later  in  the  chapter  on  Touch). 

Heat  Regulation. — See  Chapter  X  L 

Respiration. — A  small  amount  of  respiratory  interchange  of  gases 
occurs  through   the  skin,  but  in   thick-skinned  animals  this  is  verj 
small.     In  man,  the  carbonic  acid  exhaled  by  the  skin  is  about  , 
to  2^5  of  that  which  passes  from  the  lungs.     But  in  thin-skin 
animals,  like  frogs,  cutaneous  respiration  is  very  important;  after  tho 
removal  of  the  lungs  of  a  frog,  the  respiratory  interchange  through 
the  skin  is  sufficient  to  keep  the  animal  alive,  the  amount  of  carbonic 
acid  formed  being  about  half  as  much  as  when  the  lungs  are  present 
(Bischoff). 

Absorption. — This  also  is  an  unimportant  function;  but  the  skill 
will  in  a  small  measure  absorb  oily  materials  placed  in  b  ith 

it ;  thus  in  some  cases  infants  who  will  not  take  cod-liver  oil  by  the 
mouth,  can  yet  be  dosed  with  it  by  rubbing  it  into  the  skin.  Many 
ointments  also  are  absorbed,  and  thus  general  effects  produced  by 
local  inunction. 

Secretion. — Tho  secretions  of  the  skin  are  two  in  number.  The 
sebum  is  the  natural  lubricant  of  the  hairs.  Tho  secretion  of  sweat  is 
an  important  function  of  tho  akin,  and  we  will  therefore  discuss  it  at 
greater  length. 

Tub  Sweat 

Physiology  of  the  Secretion  of  Sweat — We  have  seen  that  the 
sweat-glands  are  most  abundant  in  man  on  the  palms  and  soles,  and 
hare  the  greatest  amount  of  perspiration  occurs.  Different  animals 
vary  a  good  deal  in  tho  amount  of  sweat  thoy  secrete,  and  in  the 
place  where  the  secretion  is  most  abundant.  Thus  tho  ox  perspires 
less  than  the  horse  and  sheep;   perspiration   is  absent   from   rats, 
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rabbits,  and  goats ;  pigs  perspire  mostly  on  the  snout;  dogs  and  cate 
on  the  pads  of  the  foot. 

As  long  aa  the  secretion  is  small  in  amount,  it  is  evaporated  from 
the  surface  at  onco;  this  is  called  insensible  perspiration.  Aa  Boon  as 
the  secretion  is  increased  or  evaporation  pro  von  ted,  drops  appoar  on 
the  surface  of  the  skin.  This  jh  known  as  sensible  perspiration.  The 
relation  of  those  two  varies  with  the  temporaturo  of  tint  air;  the 
drier  and  hotter  the  air,  the  greater  being  the  proportion  of  insensible 
to  sensible  perspiration.  In  round  numbers  the  total  amount  of 
sweat  secreted  by  a  man  is  two  pounds  in  the  twenty-four  hours. 

The  amount  of  secretion  is  influenced  by  the  vaso-motor  nerves ; 
an  increase  in  the  size  of  the  akin-vessels  leads  to  increased,  a  con- 
striction of  the  vessels  to  diminished,  perspiration.  There  are  al6o 
special  secretory  fibres,  stimulation  ...f  which  causes  a  secretion  even 
when  the  emulation  is  suspended,  as  in  a  recently  amputated  limb. 
These  fibres  are  paralysed  by  atrophia  They  are  contained  in  I 
same  nerve-trunks  as  the  vaso-motor  nerves,  as  are  also  the  nerve- 
fibres  which  supply  thn  plain  muscular  fibres  of  the  sweat-glandB 
which  act  during  the  expulsion  of  the  secretion.  The  secretory 
nerves  for  the  lower  limbs  issue  from  the  spinal  cord  by  the  last  two 
or  tlireo  dorsal  and  first  two  or  four  lumbar  nerves  (in  the  cat);  they 
have  cell  stations  in  the  lower  ganglia  of  the  lateral  chain,  and  pass 
to  the  abdominal  sympathetic  and  thence  to  the  sciatic  nerve.  They 
are  controlled  by  a  contTe  in  the  upper  lumbar  region  of  the  cord ; 
those  for  the  upper  limbs  leave  the  cord  by  the  sixth,  seventli,  and 
eighth  anterior  thoracic  roots,  have  cell  stations  in  the  ganglion 
stellatuin,  and  ultimately  pass  to  the  ulnar  and  median  nerves;  they 
are  controlled  bv  a  centre  in  tho  cervical  enlargement  of  the  cord. 
The  secretory  fibres  for  the  head  pass  in  the  cervical  sympathetic, 
and  in  some  branches  of  the  fifth  cranial  nerves.  These  subsidiary 
centres  are  dominated  by  one  in  tho  medulla  oblongata  (Adam- 
kiewicz).  These  facts  have  been  obtained  by  experiments  on  animals 
(cat,  horse). 

The  sweat-centres  may  be  excited  directly  by  venous  blood,  as  in 
asphyxia;  or  by  ovor-hoatod  blood  (over  45°  C);  or  by  certain  drugs 
(see  further) ;  or  refloxly  by  stimulation  of  afferent  nerves  such  as 
the  crural  and  peroneal. 

Nervous  diseases  are  often  accompanied  with  disordered  sweat- 
ing; thus  unilateral  perspiration  is  seen  in  some  cases  of  hemi- 
plegia; degeneration  of  the  anterior  nerve-cella  of  the  cord  may 
cause  stoppage  of  the  secretion.  It  is  sometimes  increased  in 
paralysed  limbs. 

The  changes  that  occur  in  the  secreting  cells  have  been  investi- 
gated by  Eenaut  in  tho  horse.  When  charged  thoy  are  clear 
and  swollen,  tho  nuclons  boing  situated  near  their  attached  ends; 
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whon  discharged  they  are  smaller,  granular,  and   their   nucleus  is 
more  central. 

The  sweat,  like  the  urine,  must  be  regarded  as  an  excretion,  the 
secreting  cells  eliminating  substances  formed  elsewhere. 

Composition  of  the  Sweat. — Sweat  may  be  obtained  in  abundant 
quantities  by  placing  the  animal  or  man  in  a  closed  hot-air  bath,  or 
from  a  limb  by  enclosing  it  in  a  vessel  made  air-tight  with  an  elastic 
bandage.  Thus  obtained,  it  is  mixed  with  epidermal  scales  and  a 
small  quantity  of  fatty  matter  from  the  sebaceous  glands.  The  con- 
tinual shedding  of  epidermal  hcuIus  is  in  reality  an  excretion. 
Keratin,  of  which  they  are  chiefly  composed,  is  rich  in  sulphur,  and, 
consequently,  this  is  one  means  by  which  sulphur  Efl  rnmoved  from 
the  body. 

The  reaction  of  sweat  is  acid,  and  the  acidity,  as  in  the  urine,  is 
due  to  acid  sodium  phosphate.  In  profuse  sweating,  however,  the 
secretion  usually  liecomos  alkaline  or  neutral  It  has  a  peculiar 
and  characteristic  odour,  which  varies  m  ditlerent  parts  of  the  body, 
and  is  due  to  volatile  fatty  acids ;  its  taste  is  saltish,  its  spe< 
gravity  about  1005. 

In  round  numliers  the  percentage  of  solids  is  12,  of  which  0'8 
is  inorganic  matter.  The  following  table  is  a  compilation  from 
several  analyses : — 


Water 

98-88 

percent 

Solids 

LIS 

•• 

9alta 

0-57 

NaCl 

0-22  to  0--13 

•• 

Other  suits 

0*18 

•• 

(alkaline  sulphates,  phosphates, 
1   tes.    and    potassium 
ride) 

Pats 

0-41 

M 

(inrliidinjr     fatty     acids     and 
isochoiesterin) 

F.piUieliiun 
I'rea        . 

0-17 

..-08 

•  • 
M 

The  salts  are  in  kind  and  relative  quantity  very  like  those  of  the 
urina  Funke  was  unable  to  find  any  urea,  but  most  other  observers 
agree  on  the  presence  of  a  minute  quantity.  It  appears  to  become 
quiokly  transformed  into  ammonium  carbonate.  The  proteid  ivhioh 
is  present  is  probably  derived  from  the  epithelial  colls  of 
epidermis,  sweat-glands,  and  sebaceous  glands,  which  are  suspended 
in  the  excretion ;  but  in  the  horso  there  is  albumin  actually  in 
solution  in  tho  sweat. 

Abnormal,  Unusual,  or  Pathological  Conditions  of  the  Sweat. 
— Drugs. — Certain  drugs  (sudorihes)  favour  sweating,  e.g.,  pilocarpine, 
Calabar  beau,  strychnine,  picrotoxine,  muscarine,  nicotine,  camphor, 
ammonia.  Others  diminish  the  secretion,  e.g.,  atropine  and  morphine 
in  large  dosos. 
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Largo  quantities  of  water,  by  raising  the  blood-pressure,  increase 
the  perspiration. 

Some  Bul»tances  introduced  into  the  body  reappear  in  the  sweat, 
e.g.,  benzoic,  tartaric,  and  succinic  acids  readily,  quinine  and  iodine 
with  more  difficulty.  Compounds  of  arsenic  and  mercury  behave 
similarly. 

Diseases. — Cystin  has  been  found  in  some  cases  of  cystinuria; 
dextrose  in  diabetic  patients;  bilo-pigmont  in  those  with  jaundice 
(as  evidenced  by  tho  staining  of  tho  clothes);  indigo  in  a  peculiar 
condition  known  as  chromidrosis;  blood  or  hsematin  deriva- 
tives in  red  sweat;  albumin  in  the  sweat  of  acute  rheumatism, 
which  is  often  very  acid ;  urates  and  calcium  oxalate  in  gout ; 
lactic  acid  in  puerperal  fever,  and  occasionally  in  rickets  and 
scrofula 

Kidney  Diseases. — Tho  relation  of  tho  secretion  of  the  skin  to  that 
of  the  kidneys  is  a  very  close  ona  Thus  copious  secretions  of  urine, 
or  watery  evacuationa  from  tho  alimontary  canal,  coincido  with  db 
ness  of  tho  skin ;  abundant  perspiration  and  scanty  urine  general]-, 
go  together.  In  the  condition  known  as  uraemia  (boo  p.  556),  when 
tho  kidneys  Becrete  little  or  no  urine,  the  percentage  of  urea  rises 
in    the  sweat;  the  sputum  and  the  saliva  also  contain  urea  under 

so  circumstances.  The  clear  indication  for  the  physician  in 
such  cases  is  to  stimulate  the  Bkiu  to  action  by  hot-air  baths  and 
pi locarpi uc,  and  the  alimentary  canal  by  means  of  purgatives.  In 
some  of  these  cases  the  skin  secretes  urea  so  abundantly  that  when 
the  sweat  dries  on  tho  body,  tho  pationt  is  covered  with  a  coating  of 
urea  crystals. 

Varnishing  tlie  Skin. — By  covering  the  skin  of  such  an  animal  as 
a  rabbit  with  an  impermeable  varnish,  the  temperature  is  reduced,  a 
peculiar  train  of  symptoms  set  up,  and  ultimately  the  animal  dies. 
If,  however,  cooling  is  prevonted  by  keeping  such  an  animal  in  warm 
cotton-wool,  it  lives  longer.  Varnishing  the  human  skin  does  not 
seem  to  be  dangerous.  Many  explanations  have  been  offered  to 
explain  the  peculiar  condition  observed  in  animals;  retention  of  the 
sweat  would  hardly  do  it;  Ittfl  blood  is  not  found  post-mortem 
contain  any  abnormal  substance,  nor  is  it  poisonous  when  transfused 
into  another  animal.  Cutaneous  respiration  is  so  slight  in  mammals 
that  stoppage  of  this  function  cannot  be  supposed  to  cause  death. 
The  animal,  in  fad,  dies  of  cold;  tho  normal  function  of  the  skin  in 
regulating  temperature  is  interfered  with,  aud  it  is  animals  with 
delicate  skins  which  are  most  readily  affected. 


Thb  word  metabolism  has  been  often  employed  in  the  pie- 
chapters,  and,  as  there  explained,  it  is  used  to  express  tho  sum  kol 
of  the  chemical  exchanges  that  occur  in  living  tissues.  Tho  chemical 
changes  have  been  considered  separately  under  tho  headings 
Alimentation,  Excrotion,  Respiration,  etc.  We  have  now  to  put  our 
knowledge  together,  and  consider  these  subjects  in  their  relation  to 
one  another. 

The  living  body  is  always  giving  off  by  the  lungs,  kidneys,  and 
skin  tho  products  of  its  combustion,  and  is  thus  always  tending  to 
loso  weight.     This  loss  is  compensated  fot  by  tho  intake  of  food  and 
of  oxygon.     For  tho  material  it  loses,  it  receives  in  exchange  fresh 
tnces.     If,  as  in  a  normal  adult,  tho  incon  ilv  equal  to 

the  expenditure,  tho  body- weight  remains  constant.  If,  as  in  a 
growing  child,  the  income  exceeds  the  expenditure,  the  body  gains 
weight;  and  if,  as  in  febrile  conditions,  or  during  starvation,  the 
expenditure  exceeds  tho  income,  tho  body  wastes. 

Tho  first  act  in  the  many  steps  which  constitute  nutrition  is  the 
taking  of  food,  the  next  digestion  of  that  food,  tho  third  absorption, 
and  the  fourth  assimilation.  In  connection  with  these  subjects,  it  is 
important  to  note  the  necessity  for  a  mixed  diet,  and  the  relative  ami 
absolute  quantities  of  the  various  proximate  principles  which  are 
most  advantageous.  Assimilation  is  a  subject  which  is  exceedingly 
difficult  to  describe ;  it  is  tho  act  of  tho  living  tissues  in  sol* 
appropriating;  and  making  part  of  themselves  tho  substances  bn 
to  them  by  tho  nutrient  blood-stream    from  tho  lungs  on   the  one 

and  from  the  alimentary  canal  on  the  other.  Tin 
processes  involved  in  some  of  those  transactions  havo  been  already 
dwelt  on  in  connection  with  the  functions  of  the  liver  and  other 
Becreting  organs,  but  even  there  our  information  on  the  subject  is 
limited;  much  more  is  this  the  case  in  connection  with  other  tissues. 
Assimilation,  or  the  building  up  of  tho  living  tissues,  may,  i. 

Gaskellb  expression,  be  spoken  of  |fl  anabolic. 
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Supposing  the  body  to  remain  in  the  condition  produced  by  these 
anabolic  processes,  what  is  its  composition  ?  A  glance  through  the 
chapters  on  the  cell,  the  blood,  the  tissues,  and  the  organs  will  con- 
vince the  inquirer  that  different  parts  of  tho  body  havo  very  different 
compositions;  Btill,  speaking  of  the  body  as  a  whole,  Volkmann  and 
Bischoff  state  that  it  contains  64  per  cent  of  water,  16  of  proteida 
(including  gelatin),  14  of  fat,  5  of  salt,  and  1  of  carbohydrates  The 
carbohydrates  are  thus  the  smallest  constituent  of  the  body;  they 
are  the  glycogen  of  the  liver  and  muscles,  and  small  quantities  of 
dextrose  in  various  parts. 

The  most  important,  because  the  most  abundant  of  the  tissues  of 
the  body,  is  thn  muscular  tissuo.  Muscle  forms  about  42  per  cent. 
of  tho  liody- weight,*  and  contains,  in  round  numbers,  75  per  cent  of 
water  and  21  per  cent,  of  proteids;  thus  about  half  the  proteid 
material  and  of  the  water  of  the  body  exist  in  its  muscles. 

The  body,  however,  does  not  remain  in  this  stable  condition ;  even 
while  nutrition  is  occurring,  destructive  changes  are  taking  place 
simultaneously;  each  cell  may  be  considorod  to  be  in  a  state  of 
unstable  equilibrium,  undergoing  anabolic,  or  constructive  processes, 
on  tln>  one  hand,  and  destructive,  or  katabolia,  processes  on  the  otl 
The  katabolic  sorios  of  phenomena  comtnonces  with  combustion ;  the 
QIU09  of  oxygen  with  carhon  to  form  carbonic  acid,  with  hydrogen 
to  farm  water,  with  nitrogen,  carbon,  and  hydrogen  to  form  urea, 
uric  acid,  creatinine,  and  other  less  important  substances  of  tho  same 
nature.  Tho  formation  of  thase  last-mentioned  substances,  the 
nitrogenoiis  metabolites,  is,  however,  as  previously  pointed  out,  partly 
synthetical.  The  discharge  of  these  products  of  destructive  metabol- 
ism by  the  expired  air.  the  urine,  the  sweat,  and  faeces  is  what  con- 
stitutes excretion;  excretion  ifl  the  final  act  in  tho  metabolic  round, 
and  the  composition  of  the  various  excretions  has  already  been  con- 
sidered. 

An  examination  of  the  iutaku  (food  and  oxygen)  and  of  the  out- 
put (excretion)  of  the  body  can  ho  readily  made;  much  more  readily, 
it  need  hardly  be  said,  than  an  examination  of  the  intermediate  steps 
in  tho  prooesa  A  contrast  between  the  two  can  be  made  by  means 
of  a  balance-sheet.  A  familiar  comparison  may  he  drawn  between 
the  aflaiH  of  the  animal  body  and  those  of  a  commercial  company. 
At  the  end  of  the  year  tho  company  presents  a  report  in  which  its 
income  and  its  expenditure  are  contrasted  on  two  sides  of  a  balance- 
sheet.  This  sheet  is  a  summary  of  tho  monetary  affairs  of  the  under- 
taking ;  it  give*  few  details,  it  gives  none  of  the  intermediate  steps 
of  tho  maan BB    in  which  the  property  has  been  employed     This  is 

•  Thr  (Uhjwfog  ta  in  round  numbers  the  percentage  pru|«>rtion  uf  the  different 
structural  cUments  of  the:  bod y  :  .skeleton.  16;  muscles.  42;  fat.  18:  viscera,  9; 
skin,  8;  brnin,  2:  blond,  5, 
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given  in  the   preliminary  parts  a!  the   report,  or  may  he  entered   U 
by  still  further  examining  the  books  of  the  company. 

In  tins  parts  of  this  book  that  precede  this  chapter  I  have 
endeavoured  to  give  an  account  of  various  transactions  that  occur  in 
the  body.  I  now  propose  to  present  a  balance-sheet.  Those  who 
wish  still  further  to  investigate  the  affairs  of  the  body  may  do  bo  by 
the  careful  Btudy  of  works  on  physiology;  still,  text-books  and 
monographs,  however  good,  will  teach  one  only  a  small  amount;  the 
rest  is  to  be  learnt  by  practical  study  and  research;  and  we  may 
compare  physiologists  to  the  accountants  of  a  commercial  enterprise, 
who  examine  into  the  details  of  its  working.  Sometimes,  in  business 
undertakings,  a  deficit  or  some  other  error  is  discovered,  and  it  may 
be  that  the  source  of  the  mistake  is  only  found  after  careful  search. 
Under  these  conditions,  the  accountants  should  be  compared  to 
physicians,  who  discover  that  something  is  wrong  in  tho  working  of 
the  animal  body;  and  their  object  Biboald  1«J  to  ascertain  where,  in 
the  metabolic  cycle,  tho  mistake  has  occurred,  and  subsequently 
endeavour  to  rectify  it 

The  construction  of  balance-sheets  for  the  human  and  animal 
body  may  be  summed  up  in  the  German  word  Stoffu-ecksel,  or 
"  exchange  qf  material."  A  large  number  of  investigators  have  applied 
themselves  to  this  task,  and  from  the  largo  mass  of  material  published, 
it  is  only  possible  to  select  a  few  typical  examples.  Tho  subject  has 
boon  worked  out  specially  by  tho  Munich  school,  under  tho  load 
of  Pottenkofor  and  Voit. 

The  necessary  data  for  the  construction  of  such  tableB  are : — 

(1)  The  weight  of  the  animal  before,  during,  and  after  the 
experiment. 

(2)  The  quantity  and  composition  of  its  food. 

(3)  The  amount  of  oxygon  absorbed  during  respiration. 

(4)  The  quantity  and  composition  of  urine,  faeces,  sweat,  and 
expired  air. 

(5)  The  amount  of  work  done,  and  the  amount  of  heat  developed. 
(The  subject  of  animal  heat  will  be  considered  in  the  next  chapter.) 

Water  is  determined  by  subtracting  the  amount  of  water  ingested 
as  food  from  the  quantity  lost  by  bowels,  urine,  lungs,  and  skin. 
The  difference  is  a  measure  of  the  katabolism  of  hydrogen. 

Nitrogen. — Tho  nitrogou  is  derived  from  proteids  and  albuminoids, 
and  appears  chiefly  in  tho  mine  as  urea  and  uric  acid.  Minute 
quantities  are  eliminated  as  similar  compounds  in  sweat  and  fasces. 
From  the  amount  of  nitrogen  so  found,  the  amount  of  proteids 
which  have  undergone  katabolism  is  calculated.  Proteids  contain, 
roughly,  16  per  cent,  of  nitrogen :  so  1  part  of  nitrogen  is  equivalent 
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to  ('■  of  protoid  ;  or  1  gramme  of  nitrogen  to  30  grammes  or 

'  and  carbohydrate. — Subtract  the  carlton   in 
proteid   (proteid  contains   54  per  cent  of  carbon)  from  the  V 
carbon  eliminated    by   luu^s,  akin,  l>owala,  and   kidneys,  a 
■I ill BNflnoe    represents    fat  and   carbohydrate   that   havo  undergone 
metabolism. 

The  DiBcharge  of  Carbon. 

Tho  influence  of  food  on  the. rate  of  discharge  of  carbonic  acid 
is  iimu edi&ta  The  increase  after  each  meal,  winch  may  amount 
to  20  per  cent.,  reaches  its  maximum  in  about  one  or  two  hours. 
This  effect  is  most  marked  when  the  diet  consists  largely  of  carbo- 
hydrates. 

About  95  per  cent  of  the  carbon  discharged  leaves  the  organism 
as  carbonic  acid.  The  total  insensible  loss  (  =  carbonic  acid  4-  water 
given  off— oxygen  absorbed)  amounts  in  man  to  about  25  grammes 
per  hour.  Of  the  total  hourly  discharge  of  carbonio  acid,  less  than 
05  per  cent,  is  cutaneouB.  The  hourly  diseliarge  of  carbonic  acid  in 
a  man  at  rest  is  about  32  grammes,  the  weight  of  oxygen  absorbed 
being  25  to  28  grammes  in  the  same  time  The  hourly  discharge  of 
waUM  *  vapour  u  about  20  grammes. 

As  a  volume  of  carbonic  acid  (CO..)  contains  the  same  weight  of 
oxygon  as  an  equal  volume  of  oxygen  ((X),  it  is  obvious  that 
all   the  absorbed  oxygen   were    discharged  as  carbonic    acid,   the 

"respiratory  quotient"  (by  volume)  =~  '-'  .      *.  ,  would  be  equal 

i,(i  1.  This,  however,  is  not  tho  oeae,  the  volume  of  uxygen  alisorlted 
lieing  in  excess  of  tho  carl>onic  acid  discharged.  In  animals  fed 
exclusively  on  carbohydrates  (this  would  only  be  possible  for  a  short 
time)  equality  is  approached.  The  excess  of  oxygen  is  greatest  when 
the  diet  consists  largely  of  fats. 

On  a  mixed  diet, comprising  1 00  grammes  of  proteid,  100  of  fat. 
250  of  earbohydratos,  with  a  carbonic  acid  discharge  of  770  grammes 

y,  and  a  daily  assumption  of  GOG  grammes  of  oxygen,  560  grami 
of  the  oxygen  are  discharged  in  the  carbonic  acid,  al>out  9  in  urea, 
and  97  grammes  in  the  form  of  water  (of  which  78  grammes  are 
formed  from  the  hydrogen  of  the  fat) ;  the  respiratory  quotient  is 
then  0'84.  In  hibernation  the  respiratory  quotient  sinks  lower  than 
in  any  other  known  condition  (often  less  than  05),  for  tho  animal 
then  lives  almost  entirely  on  its  owu  fat.  Tin;  discharge  of  carbonic 
acid  is  increased  by  mnaonlat  work,  and  the  respiratory  quotient  also 
rises.  Diminution  of  the  surrounding  temperature  causes  increased 
discharge  of  carbonic  acid.  (These  points  are  all  discussed  more 
fully  in  Chapter  XXIV.) 
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The  Discharge  of  Nitrogen. 

In  man  the  minimum  daily  allowance  of  nitrogen  is  15  grammes, 
or  002  per  cent,  of  the  body-weight;  in  the  carnivora  about  01  |>er 
cent ;  in  the  ox,  as  an  inatanco  of  a  herbivorous  animal,  0005  per 
cent.  In  certain  races  of  mankind  (e.g.  coolies)  the  nitrogen  require- 
ment is  less  than  in  Europeans,  and  evidence  has  been  recently 
accumulating  to  show  that  even  Europeans  can  maintain  eoui' 
on  diets  much  scantier  than  what  is  usually  stated  to  bo  the  minim 
(see  p.  460). 

In  an  animal  fed  exclusively  on  flesh,  the  discharge  of  nitrogen 
at  first  increases  pari  passu  with  the  absorption  of  proteid,  the 
absorption  of  oxygen  being  proportionately  increased  at  tho  same 
time.  The  animal,  however,  gains  weight  from  increase  of  fat,  the 
proteid  being  split  into  what  is  called  a  nitrogenous  moiety,  whiuh 
is  burnt  off,  and  a  non-nitrogenous  moiety  which  is  converted  into 
fat. 

The  discharge  of  nitrogen  is  not  immediately  or  markedly 
influenced  by  muscular  work  (soo  p.  555);  tho  increased  combust  ion 
that  occurs  in  working  as  compared  with  resting  muscles  falls  chiefly 
on  their  non-nitrogenous  constituenta. 

Balance  of  Income  and  Discharge  in  Health. 

In  Chapter  XXVIII.  tables  are  given  of  adequate  diets;  these 
will  in  our  balance-sheets  represent  the  source  of  income;  the  oilier 
side  of  tho  balance-sheets,  the  expenditure,  consists  of  the  excretions. 


\'.\t  iiasi.e  or 

Material  us  an  Aiiewi'atc  Dm 
(Ranke's  table).' 

llM-otn*                                                                            Kip*i*lHtu«. 

1  .. . i . 

Mtropa. 

Oartoa. 

■iBUtta  i 

Mtw».o. 

Carboa, 

Proteid    .     100  gr. 
Pat.        .     100  „ 
Carbohy- 
drates . 

15-Sgr. 
o-o  ,. 

00  .. 

53-0  gr. 
7»-0  ,. 

93-0  .. 

ITrea       .     al'figr. 
Uric  add     05  „ 

Respiration  (CoJ 

11 

0D 

6-lfl 

10-84 
208-00 

15*  ,.      295-0  .. 

15-5 

325-00 

*  The  above  tiblc  was  constructed  from  data  derived  from  the  observations  of 
Prof,  Ranke  on  himself.  Though  made  many  years  ago,  Ranke's  tables  still  serve 
as  typical  and  standard  examples  of  metabolic  balance-sheets. 

In    man    the  discharge  of    nitrogen    per   kilo,   of    lwdy-weight 
is    0'21    gramme,    and    of    carbon    303    grammas,    the    quoi.i 
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jt  =  14*fti       Iii    carnivorous   animal*,    whioh,   according    to     Ri d 

Q 

and   Sclirni.li,  on   14  N  ami  6'2  C  per  kilo,  per  diem,  ^  =  44. 

Q 

In  the  human   Itoing  on  a  floah  diet  ^  =  5*2;   the  exchange  t< 

approaches  the  condition  of  the  cttnivura.     This  is  illustrated 
the  following  balance-sheet  (Kanke): — 


Ineoma. 

KxpawUlnre. 

NllrnaMi. 

Oarb 

Pood 

Dtilntegrattoo    of 

tissues     . 

62-3  gr. 

270-6 
45-9 

Discharged       by 

excretion 
Retained  in  store . 

18*8 

263-0 
62-fi 

894  .. 

62-3 

32T.  "5 

The  details  of  the  above  experiment  may  1*3  given  as  illustr.i 
the  method  of  working  out  a  problem  in  exchange  of  material:  1832 
grammes  of  moat  used  as  food  yielded  3'4  per  cent  of  nitrogen,  t.«. 
623  gr.,  and  1 25  per  cent  of  carbon,  ie.  2293  gr. ;  70  gr.  of  fat 
added    to   the   food   yielded   72   per  cent,  of  carbon,  i.e.   5Q-'i  gr. : 

>  3  +  503  =  2796  =  total  carbon  in  food.  During  the  same  period 
863  gr.  of  urea  were  discharged,  containing  466  per  cent,  i.«.  404 
gr.  of  nitrogen,  and  20  per  cent,  i.e.  17'3  gr.  of  carbon,  to  which  must 
be  added  2  gr.  of  uric  acid,  containing  33  per  cent,  i.e.  0  66  gr 
nitrogen,  and  35  per  cont,  i*.  07  gr.  of  carbon.  Further,  29  gi 
nitrogen  and  14  gr.  of  carbon  were  discharged  in  the  faeces,  ana  231 
gr.  of  carbon  as  carbonic  acid  in  the  expired  air.  Hence  the  total 
discharge  of  nitrogen  =  40 4  +  066  +  2-9  =  44  gr.,  and  the  total  dis- 
charge of  carbon  =  17  3  +  0  7  +  14  +  231  =  263  gr.  Deducting  the 
quantity  of  nitrogen  discharged  from  that  taken  in,  183  gr.  must 
have  been  retained  in  the  body,  as  108  gr.  of  proteid,  and  consequently 
53  per  cent  of  that  weight  =  625  gr.  of  carbon,  were  also  retained. 
Comparing  the  quantity  of  carbon  disposed  of  in  the  twenty-four 
hours  with  the  quantity  introduced  as  food,  we  find  the  former  is  in 
excess  by  459  gr.,  which  must  have  been  derived  from  the  disinte- 
gration of  the  fat  of  the  body. 

Another  table  of  exchange  of  material  on  adequate  diet  may  be 
quoted  from  the  work  of  Pettonkofer  and  Voit.  This  takes  into 
account  the  elimination  of  water  as  well  as  of  carbon  and  nitrogen. 
Iu  the  first  experiment  the  man  did  no  work. 
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fnnwi 

Bxpnvdllara. 

F00& 

MtrofBo.   |    Carbon. 

ExcrotUmi. 

Nllrogen. 

C«rb"w.           W»' 

Proteiil    .      iSTgr. 
Fat.        .     117  „ 
Carbohy- 
drate.    852  „ 
Water     .  L'Olfl  .. 

J  19-5 

816'5 

Trine    . 
Faeces   . 
Expired 

17-4 
21 

12-7 

l»-5 

248 -6 

U7" 
88 

828 

19-5 

276-8 

2190 

Nitrogen. 

Carbon. 

Wawr. 

17-4 

12  a 

1194 

14-6 

N 

•  ** 

808  "2 

1419 

Here  the  body  was  in  nitrogenous  equilibrium,  and  it  eliminated 
more  water  than  it  took  in  by  174  grammes,  this  being  derived  from 
oxidation  of  hydrogen.  It  stored  39*7  grammes  of  carbon,  which  is 
equivalent  to  52  grammes  of  fat. 

The  next  table  gives  tho  results  of  an  experiment  on  the  same  man 

on  the  same,  diet,  bat  who  did  MtdvQ  muscular  work  during  the  day  : — 

BxtMnUtara. 

Urine 

-.  . 

ired  nir  . 

19-5  ;•;.?.-,  | 

ll  ifl  important  to  notice  thut  the  discharge  of  nitrogen  was 
mi.iltered  while  that  of   both  carbon  and  hydrogen  was  increased. 

Inanition  or  Starvation. 

The  income  from  without  is,  under  those  circumstances,  nil; 
expenditure  still  goes  on,  as  a  result  of  the  disintegration  of  tho 
tissues;  the  amount  of  disintegration  is  measured  by  the  discharges 
in  the  manner  already  descritod.  The  following  table  from  Hanko's 
experiment  on  himself  represents  tho  exchange  for  a  period  of 
twenty-four  hours,  twenty-four  hours  having  elapsed  since  the  last 
meal. 


DWlntcgmiuu  ofTlwue. 

Expend  Hurt. 

NIUoa-M. 

Carbon. 

NltroBWU 

Cacbun. 

Frotdd 

Fat 

■  ■>    gr. 
.   199*6  „ 

7-8 

o-o 

25-5 

157-5 

Ure*      .    17    gr. 

Trie  ncid      0"2    „ 
Respiration  (CO,) 

!  '» 
o-o 

3-4 

1804 

7-S 

181-0 

7-8 

184'0 
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The  discharge  of  nitrogen  per  kilo,  of  body-weight  waa  reduced 

C 
01.  -^    befog    23*5.       In      ;miivorous    animals,    in    prolonged 


iuaniiimi.  the  discharge  of  nitrogen  per  kilo,  is  09  and  ^  =  66. 

During  starvation  tho  man  or  animal  gradually  loses  weight;  the 
temperature,  after  a  preliminary  I  be  functions  get  woaker 

by  degrees,  and  ultimate!  death  ensues,  the  total  weight  lo 

varies  from  03  to  0*5  of  the  original  body-weight 

The  age  of  the  animal  influences  the  time  at  which  death  occurs, 
old  animals  withstanding  the  effects  of  hunger  better  than  young 
ones.  This  statement  was  originally  made  by  Hippocrates,  and  waa 
horno  out  by  the  experiments  of  Martigny  and  Chossat.  Young 
animals  lose  weight  more  quickly,  and  die  after  a  smallor  los* 
weight,  than  old  ones. 

excretion  of  nitrogen  falls  quickly  at  the  commencement  of 
starvation]    it   reaches   a    minimum    which   remains   constant    for 
several  days  ;  it  then  rises  when  the  fat  of  the  animal  has  been  used 
up,  and  then  quickly  falls  with  the  onset  of  symptoms  of  appro., 
ing  death. 

The  sulphates  and  phosphatea  in  tho  urine  show  approximately 
the  same  series  of  changes. 

Tho  discharge  of  carbonic  acid  and  the  intake  of  Oxygen  mil,  but 
not  so  quid.  I  I  body  loses  weigh!  ;  it.  is  not  until  quite  the  last 

stages  that  these  are  small  in  proportion  to  one  another. 

The  faeces  l>ecome  smaller  and  smaller  in  quantity  until  no 
charge  from  the  rectum  occurs  at  all. 

The  amount  of  bile  secreted  also  falls ;  but  bile  is  found  in  the 
gall-bladder  and  intestine  after  das 

Taking  tho  total  loss  of  aa  100,  tho  loss  due  to  tliat  of  iu- 

di\idual  Organs  mny  be  Stated  as  follows  (Voit): — 

Bone.         .         .     5'4      Pancreas    .  0-1      Brain  and  cord  .     0*1 

Muscle  .    12*3     Lungs         .         .     03     Skin  and  hair     .     8*8 

Liver.  .     i-i     Heart  .     0-0     Kat    .        .        .  26-2 

Kidneys     .        .     D<«     Testes        .        .    01     Blood  .     8-7 

Spleen         .         .     0'tS     Intestines.         .  ;.-r  parts         .     6*0 

Some  organs,  such  as  heart  and  brain,  thus  lose  but  little  weight ; 
the  loss  of  weight  is  greatest  in  tho  muscles,  fat,  skin,  liver,  and 
blood.  Of  the  muscles,  tho  great  pectoral  muscles  waste  most. 
Death  may  lio  delayed  somewhat  by  artificial  warmth,  but  ultimately 
occurs  from  asthenia,  sometimes  accompanied  by  convulsions. 

Exchange  of  Material  with  various  Dints 
The  reasons  why  n  mixed  diet  is  necessary  have  been  abend)-  explain'  d  (Chap. 
XXVIII.).       Numerous  experiment!  hare,   however,  been  made  in  the  study  of 

metabolism  on  abnormal  <li 

F**itn</  wirli  nu*u.— As  the  chief  solid  in  meat  is  protcid,  one  must  take  cither 
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too  much  nitrogen  or  too  little  carbon.  The  principle  that  underlies  Hunting'-, 
method  of  treating  obesity  U  to  give  meat  almost  exclusively  :  the  Individual  then 
derives  the  additional  supply  of  carbon  necessary  fur  it  own 

adipose  tissue     We  have-'  a  that  111  and  often  licot 

by  the  laying  <m  of  fat  which  0 M  .oteid. 

•  imf  iri/h  Jul.  -If  an  animal  receives  t",it  only  tin  nitrogenous  excreta  nre 
derived  from  the  disintegration  of  tissue  without  any  corresponding  supply  of 
nitrogen  being  m  exchange  In  Utaftkod,     When  A  ■  large 

l  MWH  "'    I'  ili -food,  tnc  respiratory  quotient  fall:..      I      II      DStnu   fed  a 

dog  on  11  mixture  of  a  large  amount  af  tit  anil  a  .small  amount  of  proUid.  After 
death  the  quantity  of  tat  found  in  I  he*  Ixxly  was  such  that  only  a  small  purl  could 
bare  been  derived  froi  be  greater  amount  being  (fire* 

the  fat  of  the  food.  The  -iniiii.il.  mofeovcr.  lays  on  ful  in  w  In.  h  paimilni,  stearin, 
■ad  oJfiin  tra  mixed  in  a  definite  proportion  ;  this  proportion  la  often  different  iii  the 
fat  of  tiie  food.  In  addition  to  tlmt  an  animal  will  fatten  (laying  on  fat  with  its 
usual  composition)  on  fatty  foot!,  such  as  nitcrmaccti.  which  contain-,  no  glyeeridcs. 

-The  respiratory  quotient  approach  nhofl 

i MrUihvdraUs  alone  are  taken.  So  far  us  regards  nitrogen  the  unimal  is  in  a  state 
of  munition,  as  whin  fat  al-me  is  taken.  If  given  in  combination  with  other  foods, 
both  carbohydrates  and  fat  act  as  proteid-sparing  food.-. 

The  following  table  is  from  Peitenknfcr  and  Voit,  ami  illustrates  what  happens 
in  a  dog  on  a  mixed  diet  of  flesh  ud  carbohvl 
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Kvcn  when  the  diet  consists  wholly  of  carbohydrates,  fat  is  kid  on  ;  the  fat  Inid 
on  when  meat  and  starch  are  both  pre*  nt  In  t  h.  t.  d  cornea  partly  from  the  proteid 
and  partly  from  the  carbohydrate  of  the  food.  Whan  no  carbohydrate  is  given  at 
all,  as  in  the  last  experiment,  the  nitrogenous  metabolism  is  raised.  Carbohydrate 
food  is  thus  when  given  with  other  foods  both  fat-sparing  and  proteid-sparing.  The 
formation  of  fat  from  earhohvdrates  was  first  observed  in  pigs  by  Laws  and  Crflbot, 
and  has  since  been  confirmed  l>y  numerous  Investigators. 

One  of  the  most  important  instances  of  the  carbohydrate  origin  of  fat  Is  the 
formation  of  bees '-wax. 

Instances  of  the  term Bttoa  of  fat  from  protcids  are  (1)  the  laying  on  of  fat  in 
carnivorous  animals;  (2)  the  formation  nf  adipocere,  a  wax-like  material  which 
forms  in  the  muscles  of  corpses  buried  in  damp  soil,  or  allowed  to  remain  in  water  j 
( '.)  the  gradually  increasing  quantity  of  fat  in  old  cheeses. 
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The  most  striking  examples  of  the  formation  of  fat  by  intracellular  metabolic 
processes  Is  seen  in  fntty  degeneration,  and  in  that  special  form  of  this  degeneration 
that  occurs  in  the  formation  of  milk.  The  blood  contains  a  mere  trace  of  fat,  so 
milk  formation  is  no  mere  filtration  process.  The  food  may,  as  in  the  case  of  cows, 
contain  little  or  no  fat. 

V*.f<un}  itffA  oelatim  \  diet  containing  gelatin  alone  will  not  support  life. 
This  fact  is  somewhat  remarkable  when  one  considers  the  closely  allied  chemical 
nature  of  gelatin  and  protcids.  \\  hen  gelatin  alone  is  given,  the  body  wastes,  am] 
the  urea  excreted  is  diminished  as  In  inanition     If  at.  u  amount  of  gelatin 

is  given  the  urea  increa-cs.  Gelatin,  however,  like  carbohydrates  and  fats,  appears 
to  he  a  "proteid-sparing"  food,  ami  If  gtveo  mixed  with  proteids  s«  etns  to  protect 
the  proteids  from  oxidation.  Gelatin  can  thus  be  substituted  for  a  part  of  the  pro- 
teid  in  the  food. 

Flndin./  \rith  ■  hi  »h<    ,,r<  ft  "I  day,  when  artificially  digested  foods 

arc  so  much  employed,  it  is  of  Steal  iiii|M>rtancr  that  their  nutritive  value  should  be 
known.  Here  experimental  ana  clinical  i  ridence  oolnddc  in  a  most  favourable  wny 
in  relation  to  their  nutritive  value.  Mbiinnises  and  the  preparations  called  peptone 
in  commerce,  which  are  [n  reality  rnainlj  alhumnses,  have-  the  same  nutritive  value 
as  meat 

Concentrated  or  artificially  digested  foods  of  tthis  kind  (Wittr's  peptone, 
pla-smon,  sonmtose,  etc.)  must  naturally  be  distinguished  from  beef- tea  and 
extracts  of  meat  Of  which  there  ON  so  many  In  the  market,  but  which  are  mere 

nlants  and  arc  valueless  for  nutrition  (see  p.  469>. 

Effort  of  Varying  External  Conditions  on  Exchange  of  Material. 

Effft  oj  — In  warin-blooded  animals  the  effect  of  a 

tow  surrounding  temperature  is  bo  increase  katabnlisni,  or  combustion  in  the  body  ; 
the  body  loses  more  lu-at,  and  therefore  DON  must  be  produced  to  keep  the  animal's 
temperature  within  normal  limits.  The  effect  of  a  rise  of  atmospheric  temperature 
is  the  reverse.  Incold  blooded  animals,  »'.'  ,  animals  s,  hose  temperature  varies  with 
that  of  the  surrounding  atiiM.-|,]lrre. a  rise  or  fill  of  the  latter  is  accompanied  respec- 
li\«-lv  with  a  rlM  or  full  of  combustion  in  the  body.  I'embrey  has  shown  that  warm- 
blooded animals  in  an  •  miiryonic  condition  are  practically  cold-blooded ;  that  is. 
their  metabolism,  body  temperature,  and  the  external  temperature  vary  directly 
the  one  with  tli 

AlUrutioiu  of  bodff  tmpentom.— If  the  changes  of  the  external  temperature 
are  so  great  as  to  cause  n  rise  (as  in  steam-baths)  or  a  fall  (as  in  hibernation)  of  body 
tempcrature,  the  metabolic  changes  are  increase.!  -.•ased  respectively,  as  In 

cold-blooded  animak. 

Efitrt  »j  ,  '/v      The  i-h'n-fcmrt  of  a  removal  of  blood 

from  the  boilv  is  the  speedy  formation  of  new  blood-corpuscles.  The  intake  of 
oxygen  anil  ilischarge  of  carbonic  ncid  are  lessened,  nna  the  output  of  urea  is 
increased.  The  menstrual  flow  and  ejiistaxis  in  strong,  healthy  people  cause  no 
alteration  in  exchange  of  material. 

Exchange  of  Material  in  Diseases. 

Fever. — Fever  is  a  condition  in  which  the  temperature  of  the 
body  is  raised  above  tho  normal,  and  the  degroe  to  which  it  is  raised 
is  a  measure  of  the  intensity  of  the  febrile  condition.  A  rise  of 
temperature  may  be  produced  either  by  increased  production  of  heat, 
due  to  tho  increase  of  katabolic  processes  in  the  body,  or  to  a 
diminished  loss  of  heat  from  the  uody.  A  mere  increase  in  tho 
production  of  heat  does  not  necessarily  produce  fever.  By  administer- 
ing an  excess  of  food,  combustion  is  increased  in  the  body ;  but  in 
tho  healthy  individual  this  does  not  produce  a  rise  of  temperature, 
because  pari  passu  with  the  increased  production  there  is  increased 
loss  of  heat.     Similarly,  diminution  in   the  loss  of  heat,  such  as 
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occurs  on  a  hot  as  compared  with  a  cold  day,  does  not  produce  favor,* 
because  the  production  of  heat  within  the  body  is  correspondingly 
diminished.  In  fever  there  is  increased  production  of  heat,  as  is 
aeon  by  tho  study  of  exchange  of  material ;  the  intake  of  food  is,  as 
a  rulo,  very  small ;  tho  discharge  of  nitrogen  and  carbon  results  from 
the  disintegration  of  tissues,  which,  as  compared  with  that  in  simple 
inanition,  is  large ;  the  tissues  are  said  to  bo  in  a  labile  condition, 
that  is,  they  are  easily  broken  down.  In  most  febrile  states,  tho 
skin  is  dry,  the  sweat-glands,  like  most  of  the  secreting  organs  of 
the  body,  being  comparatively  inactive,  and  bo  the  discharge  of  heat 
is  lessened.  The  skin  may,  however,  sometimes  be  bathed  in  perspira- 
tion, and  yet  high  fever  bo  present.  The  essential  cause  of  tho  high 
temporature  is  neither  increased  f<inii,ition  nor  diminished  discharge 
of  heat,  but  an  interference  wi  ft  <  reflex  mechanism,  which  in 
health  operates  so  as  to  oqualise  tho  two, 

Increased  nitrogenous  metabolism  in  fever  has  been  observed 
in  pneumonia,  in  py&mia,  and  in  other  febrile  conditions.  Ringer 
showed  the  correspondence  in  temperature  and  output  of  nitrogen 
very  clearly  in  intermittent  fever  (ague). 

What  is  known  as  the  opicritical  increase  of  urea  is  tho  greatly 
increased  secretion  of  urea  that  occurs  at  the  commencement  of  tho 
doforvoaeenco  of  a  fever.  It  is  probably  not  due  to  an  increased 
formation  of  urea,  but  to  the  removal  of  urea  which  has  accumulated, 
owing  to  tho  fact  that  the  kidneys  have  been  acting  sluggishly  during 
the  height  of  tha  fever. 

Increased  output  of  carbonic  acid  also  occurs  in  fever. 

Other  changes  noted  in  fever  are  a  rapid  loss  of  the  liver  glycogen, 
a  lessening  of  chlorides  in  the  urine,  and  often  an  increase  of  tho 
iimliiliii  in  the  urine. 

The  following  table  illustrates  exchange  of  material  in  fever,  no 
food  being  taken : — 


lllONM. 

. ^_ 

Btprnidttnr*. 

DMIategr4ttoa  oC 

MLrogM. 

Carbon. 

Kxi-reUotu. 

Nllrumu. 

Carton. 

Protcid  .  120     gr. 
Fat          .  -20&-7  ,. 

18-6 

o-o 

B  :  1 
107*4 

Urem  and  uric 
«cid       .     40  gT. 

Respiration 

(CO)     -  780  „ 

18-6 

0-0 

8-3 
■_'!2-7 

18« 

221-0 

18-S 

221-0 

*  A  febrile  condition  does  occur  on  undue  exposure  to  ft  tropical  sun,  for 
instanrc  in  soldiers  in  Iniliii :  this  is  mainly  due  to  their  tight-fitting  and  otherwise 
niiMiil.ibli-  <  tofhtng,  uhjch  interfere*  with  the  proper  action  of  the  skin. 
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pare  this  table  with  that  at  the  bottom  of  p.  589. 
DiabtUs  meUitus. — In  addition  to  the  presence  of  sugar  in  the 
urine  in  this  disease,  the  most  marked  symptoms  are  intense  thirst 
and  ravenous  hunger.     As  a  rulo,  diabotic  patients  digest  their  food 
wi-11.     The  thirst  is  an  indi  I  the  necessity  of  replacing 

large  quantities  of  \  -t  by  the  kidneys;  the  hunger,  that;  of 

replacing  the  great  waste  of  tissues  that  occurs.  Tor  not  only  does 
the  urine  contain  sugar,  but,  in  addition,  a  great  excess  of  urea  and 
uric  acid.  The  carbonic  acid  output  is  somewhat  smaller  than  in 
health.  In  health  the  carbohydrates,  after  assimilation,  give  rise, 
by  oxidation,  to  carbonic  acid ;  in  diabetes,  all  the  carbohydrates  do 
not  undergo  this  change,  but  pass  as  sugar  into  the  urine.  Not  that 
all  the  sugar  of  the  urine  is  derived  from  carbohydrates,  for  many 
diabetics  continue  to  pass  large  quantities  when  all  carbohydrate  food 
is  withheld ;  under  these  circumstances,  it  must  be  derived  from  the 
destruction  of  protoid  matter  (soc  also  pp.  516,  571).  The  increased 
production  of  orgauic  acids  which  lessen  the  alkalinity  of  the  blood 
should  also  be  remembered  (see  pp.  518,  559). 


Luxus  Consumption. 

In  farmer  portions  ol  this  book  *•  here  insisted  on  the  fact  tliat 
Food  dost  not  undergo  combustion,  or  kataholic  changes,  until 
after  it-  is  assimilated,  that  is,  until  after  it  has  become  an  integral 
part,  of  the  tissues.  Formerly  the  blood  was  supposed  to  be  the 
seat  of  oxidation  ;  but  the  reasons  why  this  view  is  not  held  now 

B  been  already  given.  When  a  Btnoenl  is  first  confronted  with 
balance-sheets,  representing  metabolic  exchanges,  it  is  at  first  a  little 
difficult   for  him  to  Steep  ths  fact,  that  although  the  amount  of 

i  ogen  and  carbon  ingested  is  equal  to  the  amount  of  the  same 
elements  which  are  eliminated,  yet  the  eliminated  carbon  and  hydrogen 
are  not  derived  from  the  food  direct,  but  from  the  tissues  already 
formed;   the  food   I  issjmilaU  d  and  takes  the  place  of   the 

tisanes  thus  Dated,     Let  us  suppose  wo  have  a  tube  open  at 

both  ends  and  filled  with  a  row  Oi  marbles;  if  an  oxtra  marble  is 
poshed  >"  at  one  end,  I  marble  falls  out  at  the  other;  if  two  marbles 
are  introduced  instead  of  one,  there  is  an  output  of  two  at  the  other 
end  ;  if  a  dozen,  or  any  larger  number  be  substituted,  there  is  always 
a  corresponding  exit  of  the  same  number  at  the  other  end  of  the  tube. 
This  very  rough  ilhistrati  perhaps  assist  in  the  comprehension 

of  the  metabolic  exchanges. 

Tbo  difficulty  just  all  ml  od  to,  which  a  student  feels,  was  also  felt 
by  the  physiologists  who  first  studied  metabolism;  and  Voit  formu- 
lat.-'l  ,i  theory,  of  which  the  following  is  the  gist:  All  proteid  taken 
Into  the  alimentary  canal  appears  to  affect  proteid  metabolism  in  two 
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ways:  on  the  ono  hand,  it  excites  rapid  disintegration  of  proteids, 
giving  rise  to  an  immediate  increase  of  urea ;  on  the  other  hand,  it 
serves  to  maintuiti  the  more  regular  proteid  HIBfe&boliSDQ  continually 
taking  place  in  the  body,  and  so  contributes  to  the  normal  regular 
discharge  of  urea.  It  has  been,  therefore,  supposed  that  the  protcid 
which  plays  the  first  of  these  two  parts  is  not  really  built  up  into 
the  tissues,  does  not  become  living  tissue,  but  undergoes  the  changes 
that  give  riso  to  urea,  somewhere  outside  the  actual  living  substance. 
The  proteids  are  therefore  divided  into  '*  tissue-proteids,"  which  are 
actually  built  up  into  living  substance,  and  "  floating  or  circulating 
proteids,"  which  are  not  thus  built  up,  but  by  their  motabolism 
outside  the  living  substance  set  free  energy  in  the  form  of  hoat  only. 
It  was  at  this  time  erroneously  supposed  that  the  exclusive  use  of 
proteid  food  was  to  supply  proteid  tissue  elements,  and  that  vital 
manifestations  other  than  heat  had  their  origin  in  proteid  meta- 
bolism, the  metabolism  of  fats  and  carbohydrates  giving  rise  to  beat 
only.  Hence,  when  it  was  first  surmised  that  a  certain  proportion  of 
proteidB  underwent  metabolism,  which  gave  rise  to  heat  only  [jidfl 
appeared  to  be  a  wasteful  expenditure  of  precious  material,  and  the 
metabolism  of  this  portion  of  food  was  spoken  of  as  a  "  luxus  con- 
sumption," a  wasteful  consumption.  There  wore  many  deductions 
from  this  general  theory  to  explain  particular  points,  of  those  two 
may  bo  montioned:  (1)  In  inanition,  the  urea  discharged  for  the  first 
fow  days  is  much  greater  than  it  is  subsequently :  this  was  supposed 
to  bo  due  to  the  fact  that  in  the  first  few  days  all  the  floating  capital 
was  consumed;  (2)  the  effect  of  feeding  with  a  mixture  of  gelatin 
and  proteid  was  supposed  to  be  due  to  the  fact  that  gelatin  was  able 
to  replace  "  floating  proteid,"  but  not  "  tissue  protei'l." 

This  theory  of  Voit's,  ingenious  and  plausible  at  first  sight,  has 
met  with  but  little  general  acceptance,  oecauae  so  many  observed 
facts  are  incompatible  with  it. 

Sir  Michael  Foster  writes  as  follows:  "  Tbo  evidence  we  have 
tends  to  show  that  in  muscle  (taking  it  as  an  instance  of  a  tissue) 
there  exists  a  framework  of  what  we  may  call  more  distinctly  living 
substance,  whose  metabolism,  though  high  in  quality,  d<»es  not  give 
-rise  to  massive  discharges  of  energy,  and  that  the  interstices,  so  to 
speak,  of  this  framework  are  occupied  by  various  kinds  of  material 
related  in  different  degrees  to  lln  rk,  ami  tbrn dure  deserv- 

ing to  be  spoken  of  as  more  or  less  living,  the  chief  part  of  the 
energy  set  free  coming  directly  from  the  metabolism  of  some  or  other 
of  this  material.  Both  framework  and  intercalated  material  undergo 
metabolism,  and  have  in  different  degrees  their  anabolic  and  katabolic 
changes ;  both  are  concerned  in  tho  life  of  the  organism,  but  one  moro 
directly  than  tho  other.  Wo  can,  moreover,  recognise  no  sharp 
break  between  tho  intercalated  material  and  the  lymph  which  bathes 
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it ;  hence  such  phrases  as  '  tissue  proteid '  and  '  floating  proteid ' 
sndasrrable  if  they  are  understood  to  imply  a  aharp  line  of 
tion  between  the  '  tissue '  and  the  blood  or  lymph,  though  useful  as 
indicating  two  different  lines  or  degrees  of  metabolism." 

Sir  John  Bunion-Sanderson  writes  as  follows:  "The  production 
of  area  and  other  nitrogenous  metabolites  is  exclusively  a  function 
of '  living  material ' ;  and  this  process  is  carried  on  in  the  organism 
with  an  activity  which  is  dependent  on  the  activity  of  the  living 
substance  itself,  and  on  the  quantity  of  material  supplied  to  it.  No 
evidence  at  present  exists  in  favour  of  a  'luxus  consumption*  of 
proteid." 

Pftlimoc  Hoppe-Soylor,  after  stating  that  he  can  make  out  no 
clear  distinction  between  tho  two  varieties  of  proteid  from  Volt's  own 
writings,  proceeds  as  follows :  "  Voit  states  that  the  circulating  proteid 
is  no  other  than  that  which  is  dissolved  in  the  tissue  juice,  which  is 
derived  from  tin  stream,  arid  ultimately  from  the  circulating 

blood.  Be  (Voii)  further  says:  'As  soon  as  the  proteid  of  the 
blood-plasma  leaves  the  blood-vessels,  and  circulates  among  the 
tissue  elements  themselves,  it  is  then  the  be  nutrient 

fluid  or  circulating  prr.r  longer  proteid  of  the  blood- 

plasma,  nor  yet  is  it  the  proteid  of  the  lymph-stream.'    The  place 
whore  Voit  situates  his  circulating  proteid  is  beyond  the  ken  of  the 
anatomist ;  it  is  in  a  mysterious  space  between  tissue-elements,  blood- 
vessels, and  lymph-vessels;  tho  chemist  meets  with  equal  liittkul: 
as  there  is  apparently  no  chemical  difference  between  tissue  prot 
and  circulating  proteid.     1  can,  therefore,  arrive  at  no  other  • 
sion  than  that  these  terms  are  not  only  useless,  but  unscientific,  I 
are  the  outcome  of  speculations  in  a  region  where  there  is  as  yet  no 
positive  knowledga     Those    criticisms   on    Vnit's   theories   dc    D 
however,  by  any  means  lessen  tho  importance  and  high  value  of  the 
immense   amount   of    practical    research   carried   on   by   Voit   and 
his  pupi 

1  liave  placed  Sir  Michael  Foster's  view  first  because  it  takes 
into  accmiut  certain  facts  which  tend  to  show  that  there  are  degrees 
in  met « holism.  The  most  important  of  these  is  tho  formation  of 
amino-acids  in  the  intestine.  It  is  an  undoubted  fact  that  by  feeding 
an  animal  on  laoflfna  ud  other  amino-acids,  the  urea  is  increased. 
This  transformation  of  leucine  into  urea  occurs  in  the  liver.  It  can 
hardly  be  supposed  that  leucine  becomes  to  any  great  extent  an 
integral  part  of  the  living  framework  of  the  liver  cells,  but  liko  other 
extractives,  and  like  aromatic  compounds  absorbed  from  the  ali- 
mentary canal,  it  bdOOXDM  a  part  of  what  Foster  terms  the  inter- 
calated material.  Here  it  undergoes  the  final  change,  and  is  ultimately 
and  apparently  very  rapidly  discharged  in  tho  urine.  Sheridan 
I.   i.  discussing  tho  probable  r<At  of   the  amino-acids  in  thf  animal 
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economy,  compares  it  to  the  part  played  by  the  salts  of  the  food. 
Neither  salts  nor  extractives  simply  pass  into  the  urine  without  ful- 
filling a  useful  purpose  on  their  way ;  but  the  exact  and  specific  use 
of  each,  whether  on  the  synthetic  or  analytic  side  of  metabolic  pheno- 
mena, must  be  the  subject  of  renewed  research.  (Read  again  in  this 
connection  the  last  paragraph  on  p.  520,  which  describes  certain 
recent  researches  that  show  that  leucine  and  similar  simple 
substances  may  be  actually  synthesised  into  protoplasm.  If  this 
is  ultimately  found  to  be  correct,  the  opinions  expressed  in  the 
first  part  of  the  present  paragraph  will  need  modification.) 


Among  tho  most  important  results  of  the  chemical  processes  we  sum 
up  under  tho  term  metabolism,  is  the  pr<  of  heat.     Heat,  like 

mechanical  D  '  <a  the  result  of  the  katubolio  side  of  metabolic 
processes;  the  result,  or  accompaniment,  that  is  to  say,  of  tho  forma- 
tion of  carbonic  acid,  water,  urea,  and  other  excreted  products. 

As  regards  temperature,  animals  may  be  divided  into  two  great 
rlnonon : — 

(1)  Warm-blooded  or  homoiothermal  aninialB,  or  thoso  which  have 
an  almost  constant  temperaturo.  ThiB  class  includes  mammals  and 
birds. 

(2)  Cold-blooded    or    poikilotkermal    animals,    or    those    whose 
temperature   varies   with  that  of  tho  surrounding  medium,   bed 
always,  however,  a  degree,  or  a  fraction  of  a  degree,  above  that  of  the 
medium.     This  class  includes  reptiles,  amphibians,  fish,  embryonic 
birds  and  mammals,  and  probably  most  invertebrates. 

Tho  temperature  of  a  man  in  health  varios  but  slightly,  being 
betwoen  36  5  and  37  51  0.  (98  to  99  F.).  Most  mammals  have 
approximately  tho  same  temperature  :  horse,  donkey,  ox,  37*6°  to  38° ; 
dog,  cat,  38'5J  to  39  ;  sheep,  rabbit,  38  ■-..use,  87*6° ;  xat, 

379.  Birds  have  a  higher  temperaturo,  about  42  C.  The  tempera- 
ture varies  a  little  in  different  parts  of  the  body,  that  of  the  interior 
being  greater  than  that  of  the  surface ;  the  blood  coming  from  the 
liver  where  chemical  changes  are  very  active  is  warmer  than  that  of 
the  general  circulation ;  the  blood  becomes  rather  cooler  in  its  passage 
thi'MiJi  the  lungs. 

o  also  shows  slight  diurnal  variations,  reaching  a 
iu:tx iiinitu  about  4  or  f>  P.M.  (37  £T  C.)  and  a  minimum  about  3  A.M. 
(36'83  C.) ;  that  is,  at  a  time  when  the  functions  of  tho  body  are  least 
active.  If,  however,  the  hahi.tR  of  a  man  are  altered,  and  he  sleeps  in 
the  day,  working  during  the  night,  the  times  of  the  maximum  and 
minimum  temperatures  are  also  inverted.      Inanition   causes    the 
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temperature  to  fall,  and  just  at  the  onset  of  death  it  may  be  b 
30°  C.     Active  muscular  exercise  raises  the  temperature  temporarily 
by  about  05   to  1   C.     Diseases  may  cause  the  temperature  to  vary 
considerably,  especially  those  which  we  term  febrile  (see  p.  592). 

Although  certain  mechanical  actions,  such  as  friction,  due  to 
movements  of  various  triads,  nifty  contribute  a  minute  share  in  tho 
production  of  boat  in  tho  body,  yot  wo  have  no  knowledge  as  to  the 
actual  amount  thus  genoratod.  The  groat  source  of  heat  is.  as 
already  stated,  chemical  action,  especially  oxidation.  Any  given 
oxidation  will  always  produce  the  same  amount  of  heat.  Thus,  if  we 
oxidise  a  gramme  of  carbon,  a  known  amount  of  heat  is  produced, 
whether  the  elomeut  be  free  or  in  a  chemical  compound.  The  follow- 
ing figures  show  tho  approximate  number  of  heat-units  produced  by 
the  combustion  of  one  grammo  of  the  following  substances.  A  heat- 
unit,  or  caloric  is  tho  amount  of  heat  necessary  to  raise  the  tempera- 
ture of  one  gramme  of  water  1°  C. : — 

Hydrogen  ....  84662  Pat 9400 

Carbon        ....  8100  Cane  sugar          .                  .  3950 

Una 2580  Starch         ....  4160 

Albumin     ....  6600 

It  is,  hourvri,  nm.-t.  important  to  romouiber  that  the "  physiologi- 
cal heat-value"  of  a  food  may  bo  difforent  bom  tho  "  physical  belt- 
value"  t.*;.,  the  amount,  of  heat  produc.r-.d  by  ■■omhustion  in  tho  body 
may  be  different  from  that  produced  when  the  same  amount  of  the 
same  food  is  burnt  in  a  calorimeter.  This  is  the  case  with  the  prn- 
teids,  because  they  do  not  undergo  complete  combustion  in  the  body, 
for  each  gramme  of  proteid  yields  a  third  of  a  gramme  of  urea,  . 
has  a  considerable  heat-value  of  its  own.  Thus  albumin,  which,  by 
OOI&fltete  oombastibn,  yields  5600  heat- units,  has  a  physiological 
heat-value  =5600  minus  one-third  of  the  heat-value  of  urea  (2530) 
=  5600  —  846=4754.  Hi' n- ;  has  recently  shown  that  this  figure 
must  l>e  reduced  to  nearly  4000,  as  BOOM  of  the  imperfectly  burnt 
products  of  decomposition  of  proteids  escape  as  uric  acid,  creatinine, 
etc.,  iu  the  urine,  and  there  is  a  small  quantity  of  similar  substances 
in  the  feces.  Any  ditFerence  between  tho  physical  and  physiological 
heat-values  of  fats  and  carbohydrates  may  l>o  neglected,  provided  all 

fat  and  carbohydrate  in  the  food  is  absorbed. 

Of  the  heat  produced  in  the  body,  it  is  estimated  by  Qefanholtz 
that  about  7  per  cent,  is  represented  by  external  mechanical  work, 
and  that  of  the  remainder  about  f our-fif ths  are  discharged  I  \y 
tion,  conduction,  and  evaporation  i  in  tho  skin,  and  the  remaining 
fifth  by  tho  lungs  and  excreta.  This  is  only  an  average  estimate, 
subject  to  much  variation,  especially  in  tho  amount  of  work  dona 

The  following  table  exhihits  the  relation  between  tho  produotion 
and  discharge  of  energy  in  twenty-four  hours  in  the  human  organism 
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at  rest,  estimated  in  calories.*     The  table  conveniently  tak  >nn 

of  a  balance-sheet  in  which  production  and  discharge  of  heat  are  com- 
pared ;  to  keep  the  body-temperature  normal  these  must  be  equal. 
The  basis  of  the  table  in  the  left-hand  (incomo)  side  is  tho  same  as 
Ranke's  diet  (see  p.  587)  :— 

U'UMUmof  C»lorf««. 

Proteid(100gr.)  .   100  •  4ixm        100,000 

Fat(]00gr.}         .   100  ■  MOO-     940,000 

Carbohydrates        \  _  ^ 

OOgr.  starch)!"50  **>««-l,0«o,ooo 


2,350,000 


Di"  ■■  Im  <xl. 

Warming  water  in  food, 

2-6  kilos.     21  <  . 
Warming  air  in  respiration, 

Lfl  kilos,  x  25s  X  0*24  - 
Eraporation  in  lungs, 

630  gr.  *  582  ■ 
Radiation,  evaporation,  etc.. 
at  surface,  pins  the  thermal 
equivalent  of  mechanical 
work  done  accounts  for  the 
remainder  .... 


96.000 

Me.0*fl 


1.852.340 
2,880.000 


The  figures  under  the  heading  Production  are  obtained  bj  multi- 
plying tho  weight  of  food  by  its  physiological  hoat-value.  The 
figures  on  the  other  side  of  tho  balance-sheet  are  obtained  as  follows  : 
The  wator  in  tho  food  is  reckoned  as  weighing  2  6  kilos.  This  is 
supposed  to  beat  the  temperature  of  tho  air  taken  as  12!  C. ;  it  has 
to  be  raised  to  the  temperature  of  the  body,  37°  C,  that  is,  through 
25  G.  Hence  tho  weight  of  water  multiplied  bj  25  gives  the  number 
of  calories  expended  in  heating  it.  The  weight  of  air  is  taken  as 
roughing  16  kilos.  J  tins  also  has  to  bonified  26  C,  and  so  to  be 
multiplied  by  25;  it  has  further  to  be  multiplied  bj  the  relative  heat 
of  air  (024).  The  630  grammes  of  water  evaporated  in  the  lungs 
must  be  multiplied  by  tho  potential  or  latent  heat  of  steam  at  37*  C. 
(582);  the  portion  of  heat  lost  by  radiation,  conduction,  and  evapora- 
tion from  tho  skin  constitutes  about  four-fifths  of  the  whole,  and  is 
obtained  by  deducting  tho  throe  previous  amounts  from  the  totaL 
This  table  does  not  take  into  account  the  small  quantities  of  heat  lost 
with  urine  and  faeces.  We  are  further  supposing  that  the  D 
r.uuains  of  constant  weight,  so  that  there  is  no  storage  or  loss  of 
m  it »» i.il,  ami,  therefore,  of  energy  in  the  body.  He  is  also  supposed 
bo  b«  at  rest,  and  therefore  the  amount  of  work  done  is  only  what  is 
led  internal  work,  &&,  maintaining  the  circulation,  respiration,  etc 

It  need  hardly  bo  remarked  that  the  above  is  a  mere  illustrative 
experiment.  Changes  in  the  diet,  in  the  atmospheric  temperature,  in 
the  temperature  of  the  food  taken,  in  the  activity  of  tho  sweat-glands, 

'  The  (fdorii-  wc  arc-  biking  is  soiwtimeft  called  the  -.mill  ralorie  :  l>y  MOM 
word  rnlurit  Is  used  to  denote  the  amount  of  heat  necessary  to  raise  on<-  kilogramme 
of  water  1    C. 
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in  tho  amount  of  moistnre  in  tho  atmosphere,  and  in  the  amount  of 
work  done,  would  considerably  alter  the  above  figu 

Qalorfautrjf. — Calorimeters  employed  in  chaotic  al  operations  are 
not  suitable  for  experiments  on  living  animals.  Au  animal  sur- 
roundml  by  ice  01  mercury,  tho  melting  Mid  '•.xjwjii-uon  of  which 
respectively  .u>i  meSfftTM  of  the  amount  of  boat  evolved,  would  be 
under  such  abnormal  conditions  that  the  results  would  bo  valueless. 
I*ivoisier,  however,  used  an  ice  calorimeter  in  his  experiments  on 
animals. 

The  apparatus  often  employed  is  the  water  calorimeter.  This 
was  first  usod  by  Crawford  (1788).  Dulong's  instrument  is  Bhown  in 
fig.  443.     The  animal  i.s  plaeod  in  a  metal  chamlier,  surroundod  by  a 


PBi.   i«s.  — ImlutiK'a  QUuru  r.ittttmUn,   mnaMtiig   i>r  a  %*»arl  pi  railil  *awt  In  wM 

Cham  .  tjuonHUa  fioro  whfcii  -<l  by »  •tnmai  of 

water.     TUr  air  ntOl  tho  r-«piraior}  nam     O,  ipuKmiatrr  n-ccivini;  ui»  g»»*»  of  wxfiimUon 
and   th«  stoam   nf  »lr.     r,  r,    t Ik-  tlwi  water.     OI«^i 

'l*IK«f\  ("I-  •-»>  Hi-  I  -ft  l<  much  t«t»t»l  Im  tli"  wat»r  chamber.  av>  at  to  glv«  off  IU  heat  to  tl»« 
ng  »at«r.    (mm  M.-k-.i  lrlck'1  -  riiydology.") 


water-jacket.  There  are  also  tulnss  for  the  entrance  ami  exit  »f  the 
ins  pi  rod  and  expired  gases  respectively.  The  boat  given  out  by  tho 
animal  warms  the  water  in  the  jacket,  and  is  measured  by  tho  iiso 
of  temperature  observed  in  the  water,  of  which  the  volume  is  also 
known.  The  air  which  passes  out  from  the  chamber  goes  through  a 
foufi  spiral  tube,  passing  through  the  water-jacket,  and  thus  the  heat 
is  abstracted  from  it  and  measured. 

An  -Calorimeters  are  now,  however, generally  used.  Fig.  444  is  an 
outline  sketch  of  the  one  which  has  been  most  used  in  this  country. 

It  consists  of  two  precisely  similar  chambers  made  of  thin  sheet 
copper.  Each  chamber  has  two  walls  between  which  is  an  air  space ; 
and  tin!  outer  is  covered  by  a  thick  casing  of  felt  (F)  to  prevent 
lluetuatinns  in  tho  temperature  of  the  surround  ingB  from  affecting 
the  air  in  the  air-space.  The  chambers  are  made  perfectly  air-tight, 
except  for  the  ventilating  tubes  A  A,  A'A'.     By  means  of  these,  the 


1 1..    W*.— Ait  Oi  Haltaet,  lUlo  Whit*,  and  WMtibourn.     ( '.  r«fce  for  aalmal.     Iionkrte 

maka  Uin  coniHllorn  In  both  chain  tan  ma  niuih  alike  ax  |nxuible,  as  rrapiy  cap  xlioulr)  be  placed  la 
tli*  other  chanter. 


aro  connected  to  the  two  limbs  of  a  manometer  (M)  shaped  as  in  the 
figure,  and  containing  oil  of  erigeron. 

The  action  of  the  calorimeter  is  as  follows : — In  one  chamber  the 
animal,  the  heat  production  of  which  is  to  be  ascertained,  is  placed 
within  the  cage  0.  In  the  other,  hydrogen  is  burnt  (H).  Both 
chambers  are  shut,  the  tubes  AA,  A'A'  being  clamped.  The  heat 
given  o£f  from  the  animal  warms  its  chamber,  and  thus  increases  tho 
pressure  of  tho  air  in  tho  air-spaco  tatween  the  two  copper  walls  of 
the  chambor.  This  would  load  to  movement  of  tho  fluid  in  the 
manometer,  but  that  tho  heat  given  off  by  tho  burning  of  tho  hydrogen 
increases  at  the  samo  time  tho  pressure  in  tho  air-space  between  the 
walls  of  its  chamber.  Tnis  Latter  increase  of  pressure  tends  to  make 
the  fluid  in  the  manometer  move  in  the  other  direction.  If  the  fluid 
in  the  manometer  remains  stationary,  the  amount  of  heat  given  off 
by  tho  animal  is  o«iual  to  that  produced  by  tho  burning  hydrogen ; 
and  during  an  cxporimont  tho  fluid  in  tho  manometer  is  kept  station- 
ary by  turning  tho  hydrogon  flame  up  and  down.  The  amount  of 
hydrogon  burnt  is  estimated  by  tho  amount  of  water  formed,  and  tho 
heat  of  combustion  of  hydrogen  being  known,  it  is  perfectly  easy  to 
calculate  the  calories  produced,  which  equal  those  given  off  by  the 
animal 

The  applicability  of  the  law  of  the  conservation  of  energy  to  diverse  chemical 
reactions  has  been  amply  demonstrated.  In  view  of  the  <  hemical  nature  of  meta- 
bolism, vie  might  assume  lli.il  Um  BAttM  law  applies  to  the  mictions  taking  place  in 
the  body,  that  it  is  in  Curt  one  of  the  fundamental  law*  of  the  universe,  wc  have, 
however.  BO  FfflflinHhV  right  bo  assume  in  advance  that  no  .special  laws  are  operative 
in  living  matter.  The  btw  therefore  here  requliU  experimental  verification,  mid 
much  labour  has  accordingly  been  devoted  to  this  problem.  The  early  work  of 
Luvni*ier,  Crawford.  Ihilong.  ami  oilier.-,  ihowod  great  discrepancies  between  the 
heat  actually  found  and  that  calculated,  hut  with  the  advance  of  knowledge  and 
Improvement!  of  ctwmtea]  methodi  ami  calorunetry,  these  I  urn*  disappeared.     It  is 
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to  Rubnrr  in  particular  that  we  owe  the  experimental  demonstration  of  the  law  of 
il MCftraail  of  energy  in  the  living  organism. 

The  various  tissues  of  Una  living  body  m  tin-  performance  of  tlieir  several 
functions  break  down  and  oxidise  the  protcids,  fats,  carbohydrates,  nod  other 
material-  of  which  they  arc  composed,  and  seize  upon  the  energy  previously  stored 
and  thuv  liberated,  converting  it  here  Into  the  invisible  molecular  motion  of  belli 
there  Into  the  motion  of  visible  masses  of  matter  in  Dm  uerfurUlBDCe  of  work,  and 
again  irk! n  tin  tDCfffl  of  chemical  cliange  as  the  neeils  of  the  organism  demand. 
Of  these  the  liberation  of  heat  is  by  far  the  greatest  in  amount,  and  for  this  reason, 
as  well  as  to  simplify  i  alcul  itions,  it  has  become  customary  to  express  the  available 
energy  In  term;  of  umtn  of  heat.  The  energy  expended  as  work  may  be  divided 
intoh)  extci  nil  .•  Mik.  i  .  .  the  fluoric  dOMOOn  misses  outside  the  body ;  ami  ("i)  internal 
work,  i-..  the  physical  and  ehemkal  produced  within  the  bodgi  in  the 

processes  of  breathing,  digestion,  circulation,  and  the  like. 

If  the  law  ot  the  conservation  of  energy  applies  to  the  animal  organism,  the 
following  are  Its  necessary  consequences  : — 

1.  If  an  animal  is  doing  no  external  work,  and  is  neither  gaining  nor  losing 
•.ulislaiiee,  1 1 1 < -  potential  energy  of  the  food  (expressed  M  its  heat  of  combustiun'i 
will  be  equal  to  that  of  the  excreta,  pAn>  that  given  off  as  heat,  pJw  that  of  Internal 
work. 

2.  If  nn  animal  is  doing  external  work,  and  is  neither  gaining  nor  losing 
substance,  the  potential  energy  of  the  food  will  be  equal  to  the  potential  i 

the  excreta,  pwf  that  given  off  as  heat,  ptua  that  of  the  internal  work,  pin*  that  of 
the  external  work. 

3.  If  an  animal  is  doing  no  external  work,  but  gaining  or  losing  body  substance, 
the  potential  energy  of  the  food  wdl  equal  the  potential  --uergy  of  the  excreta,  phi 
lluil  given  off  as  heat,  /  >f  the  internal  work,  pJuftEat  of  the  gain  by  the 

ubstance  fa  loss  by  the  body  being  regarded  at  ■  negative  gain). 

4.  In  an  animal  doin^'  external  work,  and  gaining  or  losing  booy-aubstance, 
the  potential  energy  of  the  food  will  equal  the  potential  energy  of  the  excreta,  />/«■» 
that  given  off  as  heal .  phu  that  of  the  internal  and  external  work,  jilu*  that  of  the 
gain  (positive  or  negative)  of  the  body-substa 

In  actual  il.itn'ii  it  is  practically  impossible  to  adjust  the  food  so  that 

there  is  no  gain  or  loss  of  body-substance,  h  riments  necessarily  fall  under 

(S)or(<l)j  Ud  the  majority  under  (3). 

The  q  to  I'-  determined,  then,  are: — 

i     Pot  ntial  energy  of  the  food. 

ii.    Potential  energy  of  excreta  (fu-ccs.  mine,  etcl 

iii.  The  heat  produced  (including  that  Into  which  any  mechanical  work  is 
converted! 

iv.  The  potential  energy  of  the  gain  or  loss  of  body-substance. 

If,  then,  the  equality  stated  under  (8}  and  (i)  is  found  to  exist,  wc  shall  be 
justified  in  the  com -lu.sion  that  the  law  of  the  conservation  of  energy  applies  to  the 
animal  body.  This  is  what  the  painstaking  work  of  Kuhricr,  Laulanie.  Atwuter, 
and  others  has  siiicecdcd  in  showing  Is  actually  the  ease. 


Regulation  of  the  Temperature  of  Warm-blooded  Animate. 

Wo  have  soon  that  heat  is  produced  by  combustion  processes, 
and  lost  in  various  ways.  In  order  to  maintain  a  normal  tempera- 
ture, both  sides  of  the  balance-sheet  must  be  equal  This  equalisation 
may  be  produced  by  the  production  of  heat  adapting  itself  to 
variations  in  discharge,  or  by  the  discharge  of  heat  adapting  itself 
to  variations  in  production,  or  lastly,  and  more  probably,  both  sets 
of  processes  may  adapt  themselves  mutually  to  one  another.  We 
have,  therefore,  to  consider  regulation  (1)  by  variations  in  loss,  and 
(2)  by  variations  in  production. 
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Regulation  by  Variation*  in  /.  The  two  means  of  losa  suscep- 

t.iMe  of  any  amount  of  variation  are  the  lungs  and  the  skin.     The 
i  nir  tli.it  passes  in  and  out  of  .the  lungs,  the  greater  will  bo  the 
loss  in  warming  the  expired  air  and  in  ovaporat  I  of  mspira  - 

tion.  In  such  animals  as  the  dog,  which  perspire  but  little,  rcapira  I 
is  a  most  important  means  of  regulating  tho  temperature;  and  in 
these  animals  a  close  connection  is  observed  lioiwccn  tho  product 
of  boat  and  the  respiratory  activity.  The  panting  of  a  dog  when 
overheated  is  a  familiar  instance  of  this.  A  dog  alBo,  under  the  same 
circumstances,  puts  out  its  tongue,  and  loses  heat  from  the  evapora- 
tion that  occurs  from  its  surface.  The  great  regulator,  however,  is 
undoubtedly  tho  skin,  and  this  lias  a  double  action.  In  the  first 
place,  it  regulates  tho  loss  of  heat  by  its  vaso-motor  mechanism ;  the 
mom  Mood  passing  through  the  .skin,  the  greater  will  bo  the  loss  of 
heat  by  ci.iulnctinii,  radiation,  and  evaporation.  Conversely,  the  losa 
of  heat  is  diminished  by  anything  thai  lessens  the  amount  of  blood 
in  the  slcin,  such  as  constriction  of  the  cutaneous  vessels,  or  dilatai 
of  tho  splanchnic  %*ascular  area.  In  the  second  place,  the  Bpeeial 
nerves  of  the  sweat-glands  are  called  into  action.  Familiar  instances 
of  tho  action  of  these  two  set3  of  nerves  are  the  redderung  of  tho 
skin  aud  sweating  that  occurs  after  exorcise,  on  a  hot  day,  OS  in  ■ 
hot-air  or  vapour  bath,  and  the  pallor  of  the  skin  and  absence  of 
sensible  perspiration  on  the  application  of  cold  to  the  body. 

Regulation  by  Variations  in  Production.— The  rate  of  production 
of  heat  in  a  living  body,  as  determined  by  calorimetry,  depends  on 
a  variety  of  circumstances.  It  varies  in  different  kinds  of  animals. 
The  general  rate  of  katabolism  of  a  man  is  greater  than  that  of  a 
dog,  and  of  a  dog  greater  than  that  of  a  rabbit.  Probably  every 
species  liaa  a  specific  coefficient,  and  every  individual  a  personal 
coefficient  of  boat  production,  which  is  the  expression  of  the  inliorn 
qualities  proper  to  the  living  substance  of  the  species  and  individual. 
Another  factor  is  the  proportion  of  the  bulk  of  the  animal  to  its 
surface  area,  the  struggle  for  existence  raising  the  specific  coefficient 
of  the  animals  in  which  the  ratio  is  high.  Other  important  con- 
siderations are  tho  relation  of  tho  intako  of  food  to  metabolic  processes, 
and  the  amount  of  muscular  work  which  is  performed.  These  various 
influences  are  themselves  regulated  by  tho  nervous  system,  and 
physiologists  have  long  suspected  that  afferent  impulses  arising  in 
the  skin  or  elsewhere  may,  through  the  central  nervous  system, 
ate  efferent  impulses,  the  effect  of  which  would  be  to  increase 
or  diminish  the  metabolism  of  the  muscles  and  other  organs,  and  by 
that  means  increase  or  diminish  respectively  tho  amount  of  heat 
there  generated.  That  such  a  metabolic  or  thermogenic  nervous 
mochanism  does  exist  in  warm-blooded  auimals  is  supported  by  the 
following  exporimontal  evidence : — 
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(1)  Though  in  cold-blooded  animals  a  rise  or  fall  of  the  surround- 
ing temporature  causes  respectively  a  rise  and  fall  of  their  metabolic 

iv,  in  a  warm-blooded  animal  tho  offoct  is  just  the  reverse. 
Warmth  from  tho  exterior  demands  a  diminished  production  <>f  lioat 
in  tho  interior,  and  vice  vend.     For  exr-options,  fit*  p.  592. 

(2)  That  this  is  due  to  a  reflex  nervous  impulse  is  supported  by 
the  fact  that  a  warm-blooded  animal,  when  poisoned  by  curai 
longer  manifests  its  normal  behaviour  to  external  heat  and  cold,  but 
is  affected  in  the  same  way  as  a  cold-blooded  animal  Section  of 
tho  medulla  produces  the  same  effects,  as  tho  nerve-channels,  by 
which  the  impulses  travel,  are  severed.    When  curare  is  •_ 

reflex  chain  is  broken  at  its  muscular  end,  the  poison  exerting  Ua 
influence  on  the  end-plates,  and  causing  a  diminution  of  thechc 
tonus  of  the  muscles.     The  centre  of  this  thermotaxic  reflex  mechanism 
must  lie  Bituated  somewhere  above  the  spinal  cord;  according  to  some 
observers,  in  the  optic  thalamus. 

(3)  The  roflox  mechanism  is  well  exemplified  m  shivering ;  here 
the  muscles  are  thrown  into  involuntary  contiactmn,  and  so  product 

:  h«\iLt,  us  tho  result  of  the  st.imnla.tiun  of  1,1m  .skin  by  Bold. 

(4)  Various  injuries  caused  by  accident,  or  purposely  produced 
by  punctn:  tutery,  or  electrical  stimulation  of  limited  portioni 
of  the  more  central  portions  of  thB  brain,  may  give  rise  to  great 
increase  of  temperature,  not  accompanied  by  other  marked  symptoms. 

We  thus  see  that  the  nervous  system  is  intimately  associated 
with  the  regulation  of  the  temperature  of  the  body.  There  is  at 
least  one — there  may  lie  several  centres  associated  in  this  action 
The  centres  receive  afferent  impulses  from  without ,  they  send  out 
efferent  impulses  by  at  least  three  sets  of  nerves:  (1)  the  vaso-motor 
nerves,  (2)  the  Bocretory  nervos  of  the  sweat-glands,  (3)  trophic  or 
nutritional  nerves.  Tho  first  two  sets  of  nerves,  the  vaso-motor  and 
the  Becretory,  affect  tho  regulation  of  temperature  on  tho  side  of 
discharge;  the  third  set  on  the  side  of  product  i 

The  foregoing  MCOUBt  of  betl  refutation  does  not  take  into  account  what  nftet 
m  men,  a  vrr\  iiiitn  irl.nit   (kcti  t.  ii.iiii.l-.  .  the  voluntary  ami  arH- 
fiiial  moans  which  ho  employs,  such  U  idl  M  ■■lothinjr  suitable  to  the 

cliiiiit'-.  In-atuig  of  rooms,  ami  roluntary  muscular  oxer 
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THE  CENTRAL  KBRVOU8  SYSTEM 

We  already  know  sufficient  from  our  preliminary  study  of  nerve- 
centree  to  be  aware  that  the  central  nervous  system  is  divided  into 
the  two  main  parts  called  the  brain  and  spinal  cord. 

Fig.  445  shows  the  general  arrangement  of  the  cerebro-spinal 
axis,  and  some  anatomical   do  tails  concerning   the  membranes   tl 
envelop  the  brain  and  cord  may  here  conveniently  be  added. 

Membranes  of  the  Brain  and  Spinal  Cord.— Tin-  Brain  and  Spinal  Card  •'"■ 
enveloped  In  tinea  membranes     (1)  the  Uurn  Mater.  (2)  the  Arachnoid,  ($)  (!■■ 
Mater. 

(1)  The  bum  Ma'tr,  or  external  covering,  it  a  bough  Hi.'ii 

biindl<-j  of  connect -ire  tissue  which  eroM  nt  various  angles,  nnd  in  whose  ttrl 
branched  connective-tissue  corpuscles  lie:  it  is  lined  bv  a  thin  elastic  luerubr  i 
on  the  inner  surface  of  which  •.  |  Iiutih  endothelial  cells. 

(2)  The  Aratltnoiii  is  a  much  more  delicate  membrane,  eery  similar  in  structure 
Li  the  dura  niatcr.  unci  lined  on  its  outer  or  fre  bj  Ml  endothelial  DD 
branc. 

(3)  The  i'li  Mutt,  of  Uie  cord  consists  of  two  layers  between  which  numerous 
blood-vessels  ramify.  In  that  of  tie  brain  >  nly  the  Inner  of  the  two  layers  is  repre- 
sented. Between  the  arachnoid  and  pia  mater  is  a  network  of  fibrous  tissue 
trabecular  sheathed  with  enilotlielial  cells  i  these  suh  ir m -huotd  traheculu-  divide  up 
the  sub-arachnoid  space  Into  a  number  of  irregular  sinic  I  h-  re  are  some  similar 
trabecule',  but  much  fewer  in  number,  traversing  the  sub-dural  space,  t'.«.,  the  space 
between  the  dura  mater  and  arachnoid. 

taa  hiulif  ■  are  growths  from  the  sub -arachnoid  network  of  connective* 
tissue  trabecular  which  project  through  Midi  hotel  in  the  inner  !  tin- dura 

mater  into  the  venous  sinuses  of  that  membrane.     The  veno  I  of  the  dura 

mater  have  bets  Injected  from  the  sub-lira.  In  oughthcii  tioo 

of  these  villous  outgrowths. 

the  chapters  preceding  this  one  we  have  seen  how  all-per- 
vading nervous  action  is ;  in  connection  with  circulation,  rospiration, 
secretion,  peristalsis,  otc,  the  way  in  which  such  functions  are 
regulated  by  nervous  activity  has  taken  up  a  considorablo  amount  of 
space.  Some  of  the  facts  there  described  will  be  better  understood, 
or  be  seen  in  a  olearer  light,  if  the  student  turns  back  to  them  and 
studies  them  once  more  after  he  has  grasped  what  we  are  going  to 
consider  in  the  chapters  that  follow  this  on  the  physiology  of  the 
central  nervous  system. 

It  would  also  bo  advisablo,  before  ho  begins  this  subject,  that  he 
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should  once  more  read  Chap.  XVII.  on  nerve-centree,  in  order   to 


■ 
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Km.  44V— Via*  of  llir  «H  t*0-«J»U»l  *TU  Of  til*  lisrvou*  iJf>UBL 

trunk  of  lb*  body  baa  ten  mno»»4  by  »  Tactical  aacUoa ;  lh«  nratbrwaa  of  U»  brain  aad  tpfnal 
eoM  b*va  ik»  ban.  rwnovwl,  and  ih«  rooU  awl  »r*t  t«n  uf  tin  fcfib  and  ninth  cranial,  nod  or  all 
U.a  ap4a*l  d«m  uf  Um  'lavo  b*m  •JlaM<«4>>l  out  and  1*1.1  ftrpanttly  oo  Uia  wall  uf  Uu 

.vull  and  on  the  aarcrat  vert*bnr  nppoatw  to  the  (ilaua  of  UiHr  aaluml  n»lt  from  tha  cmnlo-apinal 
eavltr.    (After  Duuruery.) 

refresh  liia  mommy  concerning  the  elementary  and   fundamental 
problems  in  relation  to  nervous  activity  in  these  regions. 
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STltUCTUKE  OF  THE  SPINAL  COBD 

The  spinal  cord  is  a  column  of  nerve-substance  connected  above  w 
the  brain  through  the  medium  oJ  \h,  and  situated  in  the  spint " 

canaL     In  transverse  section  it  is  approximately  circular,  but 
cord  is  not  of  the  same  size  throughout  its  course     It  exhibits 
enlargements,  one  in  the  cervical,  the  other  in  the  lumlar  region. 
These  are  the  situations  whence  the  large  nerves  for  the  supply  of 
the  limbs  issue.    The  cord  terminates  below,  about  tho  lower  border 
of  the  ii;st  lumbar  vertebra,  in  a  slender  filament  of  grey  substat 

Jllnm  terminate,  which  lies  in  the  midst  of  the  roots  of  ma 
LSI  the  cauda  equina. 

It  in  composed  of  groy  and  white  matter;  the  white  matter  is 
situated  externally,  and  constitutes  its  chief  portion;  tho  grey  matter 
is  in  the  interior,  and  is  so  arranged  that  in  a  trans vorse  section  of 
the  cord  it  appears  like  two  crescentic  masses  (the  horns  of  each  <•! 
which  are  called  respectively  tho  anterior  and  posterior  comua)  con- 
neck'l  together  by  i  narrower  portion  or  isthmus,  called  the  posterior 
HO).     Pass  it.ro  of  this  isthmus 

in  a  longitudinal  direction  is  a  minute  canal;  in  a  transverse  section 
it  appears  as  a  bola  j   this  central  canal  of  the  .spinal  cord  is  contin. 
throughout  its  entire  length,  and  opens  above  into  the  space  at  the 
back  of  the  medulla  oblongata  and  pons  Varolii,  called  tho  fourth 
ventricle.     It  is  lined  by  a  layer  of  columnar  ciliated  epithelium, 
;i  fluid  called  ctrehro-njnnaljlu'ul. 

The,   spinal    eord  consists  of  two  symmetri* 

.  1  y  and  posteriorly  by  vertical fissures  (the  posterior 
being  doeper,  but  loss  wide  and  distinct  than  the  anterior),  and 
united  in  the  middle  by  nervous  matter  which  is  usually  described 
as  forming  two  commissures— an  anterior  commissuro  in  front  of  the 
central  canal,  consisting  of  modullated  uorvo-fibrea,  and  a  posterior 
oommiseore  beHad  the  central  canal,  consisting  also  of  modullated 

008 


rton.  wtili  Ui«  rooU  at  th* 
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^\^^  >ortiona,  columns, 

or  tm< :i.«,  'or,  lateral,  arid  7  From  the  groove  hetween 

the  anterior  and  lateral  columns  spring  the  anterior  roots  of  the 
spinal  nerves  (fig.  446,  B  and  c,  5) ;  and  just  in  front  of  the  groove 
l>etween  the  lateral  and  posterior  column  the  posterior  roots  enter 
(B,  6) :  a  pair  of  roots  on  each  side  corresponds  to  each  vertebra. 

White  matter. — The  white  matter  of  the  cord  is  made  up  of 
;n  'Inllated  nerve-fibres,  of  different  sizes,  arranged  longitudinally, 
and  of  a  supporting  material  of  two  kirn  is,  \  ■[■/.. :— («)  ordinary  fibrous 
connective-tiBsue  with  elastic  fibres,  which  is  connected  with  septa 
from  the  pia  mater  which  pass  into  the  cord  to  carry  the  blood- 
vessels, (b)  Neuroglia;  the  processes  of  the  noun  tfl  are 
arrauged  bo  as  to  support  the  nerve-fibres  which  are  without  tbo 
usual  mi               il  11  or  ve  -shea  the. 
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The  general  rule  respecting  the  size  of  different  parts  of  the  cord 
is,  that  each  part  is  in  direct  prop"  i  the  sizo  and  numbe 

nerve-roots  given  off  from  it.  Thus  the  cord  is  very  large  in 
middle  and  lower  part  of  its  cervical  .  whence  arise  the  1 

nerve-roots  for  the  I  of  the  bracliial  plexuses  and  the  suj  >] 

of  the  upper  extremities ;  it  again  enlarges  at  the  lowest  part  of 
dorsal  portion  and  the  upper  part  of  its  lumbar,  at  the  origins  of 
large  nerves  which,  aftor  forming  the  lumbar  and  sacral  plexuses, 

ilmtcd  to  the  lower  extremities.     The  chief  cause  of  the  great 
sizo  at  thoso  parts  of  the  spinal  cord  is  increase  in  the  quantity 
grey    matter;  the    white   part    of    the   cord   (especially    the    lat> 
columns)  becomes  gradually  and  progressively  smaller   from  above 
downwards,  because  a  certain  number  of  fibres  coming  down  from  the 
brain  pass  into  the  spinal  grey  matter  at  different  levels. 

Grey  matter. — The  grey  matter  of  the  cord  consists  of  m 
fibres,  most  of  which  are  very  fine  and  delicate,  of  nerve-cells  « 
branching  processes,  and  of  an  extremely  delicate  network  of  the 
primitive  fibrill®  of  axis-oylindere  and  of  dendrites.  This  line  plexus 
is  called  Gerlach's  network,  and  is  mingled  with  the  meshes  of 
neuroglia.  The  neuroglia  of  the  grey  matter  resombles  that  of  the 
white,  but  instead  of  everywhere  forming  a  close  network  to  support 
the  nerve-tibros,  here  and  there  it  is  in  the  form  of  a  more  open 
spongo-work  to  support  the  nerve-cells.  It  is  especially  developed 
around  the  central  canal,  which  is  lined  with  columnar  ciliated 
epithelium,  the  cells  of  which  at  thoir  outer  end  terminate  in  fine 
processes,  which  join  the  neuroglia  network  surrounding  the  canal, 
and  form  the  substantia  gelatinosa  centralis.  It  is  also  developed  at 
the  tip  of  the  posterior  cornu  of  grey  matter,  forming  what  is  known 
as  the  substantia  gelatinosa  lateralis  of  itolando,  which  is  much 
enlarged  in  the  upper  corvical  region. 

Groups  of  ceils  in,  the  grey  matter. — The  multipolar  colls  of 
grey    matter   are   either   scattered   singly   or   arranged    in    defin 
groups. 

(1)  AaUrier  horn  cells. — Ln  the  cervical  and  lumbar  enlargements 
there  are  several  groups  of  large  multipolar  cells  in  the  anterior 
horn ;  in  the  thoracic  region  these  are  reduced  to  two,  a  mesial  and  a 
lateral  group.  The  larger  groups  correspond  with  segments  of  the 
limbs,  and  in  the  corvical  cord  thoro  is  ono  special  group  from  wb 
the  phrenic  nerve  arises  for  the  supply  of  the  diaphragm.  The  axons 
pass  out  by  the  anterior  nerve-roots  of  the  same  side,  but  a  few  axons 
pass  to  the  antero-lateral  column  of  the  same  side,  and  by  the  white 
commissure  to  that  of  the  opposite  side.  In  birds,  a  few  axons  are 
stated  to  pass  to  the  posterior  roots. 

( 2 )  Posterior  vesicular  column  of  Lockhart  Clarke ;  generally  known 
as  Clarke's  column. — This  is  a  group  of  large  nerve-cells  with  thoir  long 
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axis  vertical.  It  lios  at  the  base  of  the  posterior  horn,  aud  is  best 
marked  in  the  thoracic  region.  Thuir  axons  pass  into  the  direct 
cerebellar  tract. 

(3)  IrUermedio-lateral  group. — This  is  seen  in  the  outer  part  of 
the  grey  matter  of  the  lateral  horn,  and  is  most  distinct  in  tho  upper 
thoracic  and  lower  cervical  regions. 

(4)  The  middle  cell  column  lies  in  the  middle  of  the  crescent 

(5)  The  cells  of  the  posterior  horn  are  usually  small;  they  are 
numerous,  but  are  not  disposed  in  special  groups. 

Columns  and  tracts  in  the  white  matter  of  the  spinal  cord. — Tho 
columns  of  tho  white  matter  which  are  marked 
out  by  the  points  from  which  the  nerve-roots 
issue,  are  called  the  anterior,  the  lateral,  and 
the  posterior  columns ;  the  posterior  is  further 
divided  by  a  septum  of  the  pia  mater  into 
two  almost  equal  parts,  constituting  the  postero- 
external column,  or  column  of  Burdach,  an!  fchfi 
postero-median,  or  column  of  Qoll  (fig.  449). 
In  addition  to  these  columns,  however,  it  has 
been  shown  that  the  whito  matter  can  be  still 
further  subdivided.  These  tracts  in  the  white 
matter  perform  different  functions  in  the  con- 
duction of  impulses. 

The  methods  of  observation  are  tho  follow- 
ing :— 

(a)  The  embryological  method.     It  has  been 
1  by  examining  tho  spinal  cord  at  different 

stages  of  its  development  that  certain  groups 

of  the  nerve-fibres  put  on  their  myelin  sheath 

at  earlier  periods  than  others,  and  that  tho  different  groups  of  fibres 

can  therefore  be  traced  in  various  directions.    This  is  also  known 

as  the  method  of  Flechsig. 

(b)  Wallerian  or  degeneration  method. — This  method  depends  upon 
ict  that  if  a  nerve-fibre  is  separated  from  its  nerve-cell,  it  wastes 

or  degenerates.  It  consists  in  tracing  the  course  of  tracts  of 
degenerated  fibres,  which  result  from  an  injury  to  any  part  of  the 
central  nervous  system.  When  fibres  degenorato  below  a  lesion,  the 
tract  is  said  to  be  of  descending  degeneration,  and  when  the  fibres 
degenerate  in  the  opposite  direction,  the  tract  is  one  of  ascending 
degeneration.  By  the  modern  methods  oniployed  in  staining  the 
central  nervous  system,  it  has  proved  comparatively  easy  to  distinguish 
degenerated  parts  in  sections  of  the  cord  and  of  other  portions  of  the 
central  nervous  system.  Degenerated  fibres  have  a  different  staining 
reaction  when  the  sections  are  stained  by  what  are  called  Weigert's 
and  Pal's  methods;    this  consists  in  subjecting  them   to  a  special 
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solution  of  hematoxylin,  and  then  to  certain  rliflerentiating  solutions. 
The  degeuerated  fibros  appear  light  yellow,  whereas  the  healthy  fibre* 
are  a  deep  blue.     Marchi's  method  is  even  letter.     After  ban 
in  IffiUer'fl  Quid,  Marchi's  solution  (a  mixture  of  Midler's  fluid 

■id)  stains  dcgonorated  fibres  bla  k,  and  leaves  the  rest  of  the 
tissue  unstained.  Accidents  to  the  central  nervous  BTfltem  in  man 
have  given  us  much  information  upon  this  subject,  but  this  has  of 
late  years  been  supplemented  and  largely  extended  by  experiments 
on  animals,  particularly  upon  monkeys;  and  con  le  light  has 

been  shed  upon  the  conduction  of  impulses  to  and  from  the  nervous 
system  by  the  study  of  the  results  of  section  of  different  parts  of 
the  osntral  nervous  system,  and  of  the  spinal  nerve-roots. 

By  these  methods  the  tracts  in  the  white  matter  have  now  been 
mapped  out,  and  the  principal  ones  are  shown  in  the  succeeding 
diagrams. 

It  will  be  convenient  to  begin  by  considering  the  result  of  cutting 
Igb  the  roots  of  the  spinal  nerves. 

Cutting  the  anterior  roots  produces  chromatoUsi*  o!  the  colls  of 
the  anterior  B0Z9  from  which  they  originate;  this  slow  atrophy  IB  the 
result  of  disuse  of  the  axons  which  are  cut  and  still  remain  attached  to 
the  cell -bodies.  Wallerian  degeneration  is  limited  to  the  motor  nerve- 
fibres  on  the  distal  side  of  the  point  of  section.  The  fact  that  chro- 
matolysis  (see  p.  202)  occurs  when  the  axon  of  a  nerve-cell  is 
through,  furnishes  us  with  a  valuable  method  as  ascertaining  what 
nerve-cells  various  tracts  originate  from. 

Cutting  the  posterior  rootB  between  the  spinal  ganglia  and  the 
cord  leaves  the  peripheral  part  of  the  nerve  healthy,  and  degeneration 
in  tlu)  portion  oi  the  root  which  rum  into  the  earn,  because 
the  fibres  are  cut  off  from  the  oells  of  the  spinal  ganglion  from  which 
thoy  grew.  These  degenerated  nerve-fibres  may  be  traced  up  the 
cord  for  a  considerable  distance.  Each  posterior  root-fibre  when  it 
enters  tho  cord  bifurcates,  the  main  branch  passing  upwards,  and  the 
shorter  braiii.h  i.lown  wards,  so  that  tho  degeuer ation  IB  Been  in  a 
small  tract  called  the  comma  tract  (fig.  450)  immediately  below  the 
point  oi  entrance  of  the  cut  posterior  mot.  The  npgoing  fibre  is 
contained  in  the  posterior  column  of  white  matter,  and  it  terminates 
in  the  grey  matter  either  in  the  cord  itself  at  a  higher  level,  or  in 
the  medulla  oblongata. 

Fig.  448  represents  iu  a  schematic  way  the  manner  in  which  the 
fibres  "f  the  two  roots  of  a  spinal  nerve  are  connected  to  the  grey 
matter  in  the  cord. 

1,  2,  3,  4  represent  four  cells  of  the  anterior  horn.  Each  gives 
rise  to  an  axis-cyliudoi -.  process  A,  one  of  which  is  shown  terminating 
in  its  final  n  ion  in  the  end-plate  of  a  muscular  fibre  AL    Each 

of  these  four  cells  is  further  surrounded  by  an  arborisation  (syuapee) 
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<lerived  from  the  fibres  of  the  pyramidal  tract  1',  which  comes  i 
from  the  brain. 

•ording  to  Schiifer's  recent  work,  the  pjxaini  «  really 

terminate  around  the  cells  at  the  base  of  the  poBtoi  ior  horn  j  theso 
cells  therefore  act  aa  intermediate  cell-stations  mi  the.  way  to  those 
in  tho  anterior  horn.     This  is  not  shown  in  the  diagram. 

A  fibro  of  the  posterior  root  is  also  shown ;  this  originates  I 
the  cell  O  of  the  spinal  ganglion  ;  the  process  of  this  cell  bifurcates. 


PM.  441  '<m  In  ip4iH'  r  Bclufcr.) 

one  branch  (B)  passing  to  tho  periphery,  whoro  it  ends  in  an  arbor- 
esoence  in  tho  skin  (S) ;  tho  arrow  by  tho  si<lo  of  this  branch 
represents  the  din-  DOndDfition  of  tho  sensory  impulses  from 

the  skin.  An  arrow  in  the  opposite  direction  would  hid 
direction  of  its  growth.  The  other  branch  C  passes  into  the  spinal 
cord,  where  it  again  bifurcates;  the  branch  K.  a  short  one,  passes 
downwards  and  ends  in  an  arborisation  around  one  of  the  small  cells 
P,  "f  the  posterior  cornu;  from  which  a  new  axis-cylindor  arises, 
kfld  tti  minatos  around  ono  of  tho  multipolar  cells  (4)  of  tho  anterior 
horn. 

Tim  main  division   1)  travels  up  in  the  posterior  column  of  tin- 
cord,  and  ends  in  grey  matter  at  raaov  levels.     Somo  collaterals  (5) 
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terminate  by  arborising  •  i i r  rand  the  anterior  cornual  cells. 

principally  of  the  saino  side;  ot!  "lo  so  wi  mediate 

jtation  in  a  posterio-  cell  P.;  others  I 

Llio  colls  of  Clarke's  column  (C)  in  tho  thoi  se  cord, 

from  these  oells  freel  flinders  •  impulse 

cerebellum   in   what  if)  called  the  direct  I  while 

main  Bbre(8)  may  te  b  any  of  these  ways  at  a  nighei  le 

in  the  oord,  or  :  cord  in  i.1ih  medulla  oblongata.     When  we 

become  acquainted  with  the  structure  of  the  medulla  oblongata,  we 
shall  bo  able  to  trace  I 

In  general  terms  the  anteri  fibres  pass  ouL  •  •:'   the 

matter  of  the  anterior  horns,  and  aft-  I  course  leave  the  spinal 

I   in  the  anterior  spinal  nerve-fOOte     The  posterior  roots,  on 
other  hand,  do  not  pass  to  any  great  extent  into  the  grey  matter 
immediately,  but  into  the  white  matter  on  the  inner  aide  of  the 
posterior  horn;  in  other  bhey  go  into  the  column  of  Bond 

(fig.  449);  they  pass  up  in  this  column,  but  gradually  approach  the 
middle  line,  and  are  continued  upwards  to  the  medulla  in  the  column 
of  Qollj  but  as  they  SO  up  they  become  loss  numerous,  as  some 
terminate  b  the  grey  matter  of  tli-  BOfd  Oil  the  way  in  the  manner 
doscribod.  A  few  Sores  "1*  the  posterior  rout,  however,  travel  for  a 
short  distanco  in  a  small  tract     n  the  inter  sido  of  the  postci 

[) ;  this  ia  called  the  tract  of 
LiBsauer  (fig.  451);  the  comma 
tract  (fig.  450)  has  Ixjen  already 
plained. 

Suppose  new  one  cuts  thn 
several  posterior  roots  between 
the  spinal  ganglia  and  the  cord, 
so  that  the  course  of  degenera- 
tion may  be  more  readily  traced. 
Immediately  below  the  points  of 
ontranco  of   these  nerve-roots. 
i  1m  comma  tract  will  be  found 
degenerated ;  immetlia :  "ly .  1 1  iovo, 
the  degenerated   fibres  will  be 
found  in  the  column  of  Bur- 
dach ;  higher  up  in  the  cord  tl 
will  lie  Iosb  numerous,  and  have  approached  the  middle  line; 
fibres  which  enter  the  cord  lowest  got  ultimately  nearest  the  mid 
line,  so  that  tho  greatci  column  of  Goll  is  made  op  of 

bom:  s from  tho  legs;  the  fibres  which  enter  tho  conl  last,  for 

instance  those  from  tho  upper  limbs  and  neck,  pursue  their  course  in 
tho  inner  part  of  tho  column  of  Bur<l 

Tin:  preceding  figure  (fig.  -1-19)  shows  the  degeneration  in  a  section 


rveru'U. 
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of  the  spinal  cord,  after  the  division  of  a  nuralier  of  nerve-roots  on 
one  side.     The  m!  4o  section  is  taken  high  up,  so  that  all  tho 

degenerated  fibres  have  passed  into  the  column  of  Goll  on  the  same 
side;  the  inner  set  (1)  are  Bhaded  differently  from  the  outer  set  (2), 
indicating  that  those  nearest  tho  middle  line  come  from  tho  lowest 
nerve-roots. 

We  may  pass  from  this  to  consider  the  tracts  of  degeneration 
that  occur  when  tho  Bpinal  cord  is  cut  right  across  in  tho  thoracio 
region.  Some  tracts  will  be  found  degenerated  in  tho  piece  of  cord 
below  the  lesion ;  these  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-cell: ft  in  the  brain;  the  principal  ones  are  the  pyramidal 
tracts.  Other  tracts  are  found  degenorated  in  tho  piece  of  cord 
above  the  lesion ;  these  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-colls  of  the  spinal  ganglia,  or  with  the  cells  of  the 
spinal  cord  itself  below  the  lesion  and  are  passing  upwards. 

In  general  terms  we  may  say  that  the  tracts  which  degenerate 
downwards  are  the  motor  tracts, and  those  which  degenerate  upwards 
are  the  afferent  or  sensory  channels.  We  must  also  take  into 
account  groups  of  association  fibres  which  unite  together  different 
regions  of  tho  cord ;  these  are  generally  short  tracts  in  which,  there- 
fore, degeneration  can  only  bo  traced  a  short  distance  up  or  down. 
The  long  tracts  aro  those  which  connoct  cord  or  spinal  nerves  with 
like,  those  of  Goll  and  Imrdach  just  mentioned,  or  the  pyramidal 
tracts  the  main  efferent  path  way  a 

Tracts  of  Descending  Degeneration  (fig.  450). 

i  1.)  The  crossed  pyramided  tract. — This  is  situated  in  the  lateral 
ooltuna  on  the  outer  side  of  the  posterior  cornu  of  grey  matter.  At 
the  lower  part  of  the  spinal  cord  it  extends  to  tho  margin,  but  higher 

a  this  position  by  tho  interpolation  ol 
.m.iil.r •:  (not  of  fibres,  to  bo  presently  describod,  viz.,  the  direct 
oexebeUai  tract.  Tho  crossed  pyramidal  tract  is  largo,  and  may 
touch  tho  grey  matter  at  the  tip  of  the  posterior  eornn,  but  is 
separated  from  it  elsewhere.  Its  shape  on  cross  section  is  somewhat 
like  a  lens,  but  varies  in  different  regions  of  the  cord,  and  diminishes 
in  size  from  the  cervical  region  downwards,  its  fibres  passing  off  as 
1 1 -.si -end,  to  arborise  around  the  nervo-oells  and  then  branchings 
in  the  :_'i'\v  [natter  Of  tho  cord.  Tho  fibres  of  which  this  tract  is 
composed  are  moderately  largo,  but  aro  mixed  with  some  that  are 
smaller. 

(2.)  The  direct  or  uncrossed  pyramidal  tract,  or  column  of  Tiirck. — 
This  tract  is  situated  in  the  anterior  column  by  the  side  of  the 
anterior  fissure  It  onds  in  tho  mid  or  lower  thoracic  region  of  tho 
cord. 
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The  two  pyramidal  tracts  corao  down  from  the  in  the 

:  alia  oblongata,  tho  greater  number  of  the  pyramidal  fibres  cross 
over  to  tho  other  sido  of  the  oozd  which  they  descend;  hence  tho 
term  crossod  pyramidal  tract ;  a  smaller  collection  of  the  pyramidal 
>«  goes  straight  on,  on  the  same  side  of  the  oord,  and  these  cross 
at  different  levels  in  the  anterior  commissure  of  the  cord  lower  down  ; 
hence  the  disappearance  of  the  direct  pyramidal  tract  in  the  lower 
part  of  the  cord.  Tho  fact  that  tho  crossed  pyramidal  tract  of  one 
lids  is  the  fallow  "f  the  direct  pyramidal  tract  of  tho  other  side,  is 
indicated  in  the  diagram  by  tho  direction  of  shading  (see  fig.  450). 
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F».  iSO.-TrMte  of  J— podia*  defOMOtion.    For  th*  ««*«  of  c\mrrnm  ttch  k  chown  on  only  om 

•Ido.    (ATtar  Sclmlta). 

Mingled  svith  the  iibros  of  the  crossed  pyramidal  tract  are  a  few 
fibres  of  the  pyramid  which  have  not  crossed  in  the  medulla 
oblongata,  and  are  therefore  derived  from  tho  same  side  of  tho 
cerel  cum  (u  ncrosstd  lateral  pyramidal  fibres). 

The  pyramidal  fibres  arc  not  found  at  all  In  vertebrate*  rjelow  the  mammals. 
In   thi;   lower   munmali  they  arc  very  small,  nnd  in  some  rodents  (rot.  im 
guinea  pig)  they  are  placed  in  the  posterior  columns.     The  direct  pyramidal  trn. 
found  only  in  man  and  the  higher  apes. 

The  paralysis  that  results  from  the  section  of  tho  pyramidal 
tracts  passes  off  very  soon  in  many  animals,  whereas  that  which 
results  from  section  of  tho  anterior  rj  and  the  adjacent  part  of 

the  lateral  column  is  more  permanent.     It  ia  probable  that  1 1 
tracts  next  to  be  described  may  be  the  second  path   for  volitional 
impulses,  and  perhaps  derive  their  importance  from  the  fact  that  the 
impulses  which  travel  down  them  are  necessary  in  the  maintenance 
i  if  the  tone  of  the  anterior  horn  cells. 

(3.)  Anterolateral  descending  tract,  or  tract  of  Loewmthal,  lies  by 
the  side  of  tho  anterior  median  fissure,  and  oxtonds  along  the  margin 
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of  the  cord   towards  the  lateral  column      These  originate  from  tho 
posterior  Longitudinal   bundle  of  tho  medulla  oblongata,  and  from 
other  sources  to  bo  descrihed  later.     Tlu-v  end  by  synapse!  in 
interior  horn. 

(4.)  The  prepyramidal  tract  (Monakow's  bundle). — This  is  situ 
just  in  front  of  the  crossed  pyramidal  tract.     Its  origin  is  in  tlio  cells 
of  the  red  nucleus  in  tho  mid-brain.     Its  fibres  end  by  arborisations 
in  the  grey  matter  about  tho  middle  of  the  crescent. 

(5.)  Bundle  of  Hehneg. — The  exact  origin  and  destination  of  these 
fibres  are  not  known  :  they  can  \te  traced  from  the  neighborhood  of 
the  olivary  body  in  tho  medulla  oblongata,  and  pass  down  in  the 
anterior  part  of  the  latoral  column  in  tho  cervical  region. 

(6.)  Short  tracts  in  the  posterior  column. — These  are  (a)  tho  Comma 
tract;  though  this  degenerates  downwards,  it  is  in  reality  a  sensory 
tract,  being  composed,  as  we  have  already  seen,  of  the  branches  of 
the  entering  posterior  root-fibres  which  pass  downwards  on  entering 
the  cord.  It  is  only  round  for  a  comparatively  short  distance  below 
tho  actual  lesion,  (b)  Stpto-marainal  fibres;  these  are  few  in 
number,  and  are  mainly  found  near  the  median  fissure,  where  they 
constitute  the  oval  bundle,  and  near  the  posterior  Burface,  where  they 
form  the  median  triangle  bundle.  These  are  doubtless  short  associa- 
tion tracts,  and  arc  mixed  with  others,  ©specially  in  tho  ventral  part 
of  the  posterior  column,  which  have  an  "  ascending  "  course. 


Tracts  of  Ascending  Degeneration  (fig.  451). 

(1.)  J'ostero-medial  column,  or  column  of  Goll.  —This  consists  of  fibres 
derived  from  the  posterior  roots  of  the  sacral,  lumbar,  and  lower 


Coir 


Direct  cerebellar 
tract 
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thoracic  nerves.    Thceo  fibres  enter  tl  i-luteral  column,  and 

gradually  pass  towards  the  mid-line,  as  already  explained.     They 
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end    in    the  grey   matter  of   the   nucleus  gracilis  of   the    I 

(2.)  I'oslero-laternl  a  — Many  i>i 

lilires  of  this  tract,  which  is  also  con.  the  entering  posterior 

nerve-roots,  pass  into  the  grey  matter  of  the  cord  either  itely  on 

entrance,  or  in  their  course  upwards.    The  rest  continue  upwards  to  the 
medulla  ohlongat.1,  but  thos«  bt  roots  pass  into  the  column 

of  Gall,  as  just  stated ;  those  from  lib        pel  roots  continuo  t< 
upwards  m  Jw  oolumn  o!  Burdach.  ami  ond  in  the  grey  matter  of 
nucleus  cunoatus  in  the  medulla  obloue.*u 

(3 .)  Dorsal  or  direct  cerebellar  tract,  or  tract  of  Flecheig. — This  is 
found  iti  th-j  cervical  end  thoracic  regions  of  the  cord,  and  is  situated 
Iwtween  the  crossed  pyramidal  tract  and  the  margin.  It  degenerates 
on  injury  or  section  of  the  cord  itself,  but  not  on  section  of  the 
posterior  nerve-roots.     In  other  won  are  endogenous,  i.e., 

arise  from  colls  within  tho  groy  matter  of  the  cord;  these  cells  are 
those  of  Clarko's  coin  mi  ;amo  side;  tho  fibres  are  large  ones. 

(4.)  Ventral-  vcrthellnr  o,  if.  ascetui  t  of 

Gotcerf. — This  is  situated  in  front  of  tho  crossed  pyramidal  and  direct 
cerebellar  tracts  in  the  lumbar   region,  while  in  the  thoracic  and 
cervical  regions  it  forms  a  narrow  Ivand  at  the  margin  of  the  00 
curving  round  even  into  tho  anterior  column.     Its  fibres  intermingle 
with  thoso  of  the  antero-lateral  descending  tract. 

Both  of  those  tracts.  OS  their  BOineo  indicate,  go  to  tho  corobollum  ; 
the  dorsal  corobolliu  turn  by  its  lower  pedum.!.', 

while  the  ventral  cerebellar  enters  by  its  superior  pedunclo.     'I 
fibres  terminate  by  arborising  around   the  cells  of  that  part  of 
cerebellum  known  as  the  vermis  or  middle  lobe.     V.  Gehuchten  states 
that  the  ventral  tract  gives  off  a  few  fibres  that  enter  the  opposite 
cerebellar  hemisphere  by  its  middle  poduncla 

(").)  Tract  of  Lissaner,  or  posterior  w  on*. — This  is  a  small 

tract  of  aacon  bree  situated  ot  tine  outer  Bide  of  the  tip  of  the 

posterior  horn,    These  on  fine  fibres  from  t.h<  rior  roots;  thi 

subsequently  pass  Into  the  posterior  column. 

(6.)  A  number  of  a  D  tract?   have  been  differentiated   bj 

Flochsig's  and  Sherrington's  method  (see  next  paragraph). 

Association  flbrrs  In  tho  Spinal  Cord. 

Tin    numerous  short  bads  already  mentioned  u  demonstrable  in  the  ipina] 
cord  >i  fibres  winch  connect  Ks  different  levdj 

together.    The  main  dlfRcatry  of  investigating  them  by  the  degeneration  metlK 
has  arisen  fmm  tin-  bet  that  th<y  nrc  largely  intermingled  with,  mid  SO  are  hard 
h  from  the  long  tracts  which  connect  brain    i  together.     In  l 

Ptliigrr  stated  that  n  flex  irmdiatioii  within  the  spinal  cord  always  im>k  place  in  mi 

ird  dlrectiout  bet  Sherrington  to  h(i  work  found  no  ptions  to  this  rule, 

uici  he  BoagM  for  tii'-  paths  which  nrc  capable  of  carrying  the  bnoalsea  down  the 

by  a   very  ingenious  method.      1  he   spinal   cord   of  ■   dojr  was   completely 
divided  across,  and  UK    mutual   was   kept  alive   lor  a  CWlsidcrabh 
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■flawed  in  i  lapse  (roughly  about  u  year)  far  all  traces  ot  the 
deg   :  Ir-.ion  to   hnve  di-utppeared.      The   COrd    i-    tbefl    I'll     U    B 

wer-  .  V  *ned  slate,  on  «  hid)  Ml  t  more  a  new  degeneration  can  be  ■  I  Ittl  D 

without  fear  ot  one.     ITte  second  degeneration  produced 

Bcb  an  nj>cration  as  b  km  would  then  affect  the 

■  iii  id'-  long  tracts  from  twain  to  cord  tu  ut  by  the  fir-t  operation. 

I  In   complete  topography  of  all  these  lihr. ■-,  which  are  vvrv  BamerOWi  hai  ihi: 
been   worked  out      The  degenerated  fibres  are   Mattered   throughout   the  white 
matter,  but  are  EDOSt  numerous  ut  tin   I  the  cord.     'I  BB)  U  especially  true 

be  longer  fibres,  and  some  of  them  appear  to  be  very  long  indeed.    In  the  ■ 
of  the  longer  fibres  there  is  no  evid<  hit  of  tififUBraHnll  ;  in  Ihe  case  of  the  shorter 
fibres  th<  .  H   bol  not  TCP]  BODCl  'hat  they  in  part  cross  to  the 

other  side. 

Complete  transverse  section  of  the  spinal  cord  leads  to : — 

1.  Loss  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
section  on  both  sides  of  the.  body.     The  paralysis  is  not  confine*! 
the    voluntary   muscles,   but   includes   the   muscular   fibres  of  the 
ill.  ml -vessels  and  viscera.     Hence  there  is  fall   of  blood -pressure, 

■  lysis  of  sphincters,  etc 

2.  1.088  of  sensation  in  the  same  regions. 

3.  Degeneration,  ascending  and  descending,  on  l>oth  sides  of  the 
cord. 

Hemisection. — If  the  operation  performed  is  not  a  complete  cut- 
ting of  the  Spina]  cord  across  transversely,  but  a  cutting  of  half  the 
across,  it  is  banned  hemisection,  or  seini-sectimi. 

This  operation  leads  to : — 

1.  I/)ss  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
section  on  the  same  side  of  tho  body  as  the  injury. 

J.  Loss  of  sensation  in  the  sarno  region.  The  loss  of  sensation  is 
not  a  very  prominent  symptom,  anil  is  limited  to  the  sense  of  localisa- 
tion ami  the  muscular  sense.  The  animal  can  still  feel  sensations  of 
pain  ami  of  heat  and  cold. 

3.  Degeneration,  ascending  and  descending,  nearly  entirely  con- 
fined to  the  same  side  of  the  cord  as  the  injury.  The  most  important 
of  these  are  shown  in  the  photo-micrographs  (fig.  452)  on  the  opposite 
page,  the  small  text  beneath  which  should  lte  carefully  Studied! 

Difference*  in  'liferent  rrifioiu  of  tin  tpitml  cord. — The  outline  of  the  grey 
matter  and  the  relative  proportion  UU  matter  varie-.  in  different  regions  of 

il>>  spinal  cord,  and  it  LB,  therefore,  possible  to  tell  .approximately  from  what  region 
any  given  transver-e -eitiim  of  th  •.liir   been  taken.     The  white  matter 

increase*  in  amount  from  below  upward*.  The  amount  of  grey  matter  varies ;  it  is 
greatest  in  the  cervical  and  lumbar  enlurm  (Bents,  vir, ,  at  and  about  the  -'>th  lumbar 
and  8th  cervical  nerve,  and  least  in  tin:  thoracic  region  The  greatest  development 
of  grey  matter  corresponds  with  greatest  number  of  nerve-fibres  pissing  from  tb 
cord. 

In  tht  <■■  •  be  grey  matter  occuiii.  I       .•  proportion  of  the 

section,  the  grey  crumm-Mire  is  short  and  thick,  the  .interior  horn  is  blunt,  whilst 
th.    |..i.i. tier   li   som.  what   tapering.      The  anterior  ami  posterior  roots  run  BO 
distance  through  the  white  ma!  i.-r  l>i"f-. i  <h  the  periphery.     At  the  extreme 

upper  part  of  the  cervical  region,  the  end  ot  the  interior  horn  is  swollen  out  by 
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s<>  of  neuronic  into  a  round«d  IMM  0«lkd  the  mdttimHa  iitlal'wma  uf  Rotantltu 
The  nnrviral  eoro  >  m  ride  t<i  ride  than  from  before  back;  this  is  owing 

•  •  ' 

/»  </l  the  gre}  matter  bear,  only  ■  small  proportion  to  the  ■ 

tod  the  posterior  ront%iri  part  ieiilnr  run  ■  lon:  while  DMttCT  *fter 

they  tola  th<   oord ;  Hi.   frej  conuniuan 

deal  region.     The  later*]  tract  iv  |  marked,  end  fnrm«   » 


c 


Ttia  abova  diagram*  ar«  roiinKlm-tlouaut  |>luAu-niW:nJ*n>|lb»  from  Uie  *p4tial  OOCd  uf  a  muakay. 
In  which  tho  ojwratl  "ii  of  left  hwlwtloti  had  been  parfonuad  awsc  weeki  jiravlumly  (Mutt.)  Ths 
taction*  -•«  iUliio.!  by  W«ilie»rta  m»Un>d,  hy  which  Uw  jroy  matter  b  UeacJie-t,  wbUe  the  healthy 

matter  irmsliM  dark  Uu».  The  d«v«ii«r>it*d  tract*  *r»  alao  bWebad.  A  It  a  wction  of  Um 
cord  In  Hi*  thoracic  reason  below  the  lesion :  the  rmnoJ  pyramidal  tract  h  dagantrated.     D  U  a 

*U1  j.ymmldal  tract  It  now  tmaltar. 
C  U  a  eecUoo  la  Um  tboractc  ration  sumo  I  Jul"  dittanc*  aU.'V«  Ui»  !m$j«.    "Hit  Oaoancratr-    I 
•asnai  '*rpartof<-  ;:*r  tract.    t>  i*  a  «wu.in  nbtber 

'i ;  Um  daaan  .■  «  a  m»Jlan  [aMltl'  u 

degentratlona  in  the  direct  c«rel«dlar  tract,  ami  In  tli«  tract  of  Oowera,  an  alao  watl  ihuwn.    Notice 
Dial  in  all  catea  rhr  >tivwr»tod  trace*  an  On  UU  MOM  tkle  a*  Uw  Injury. 

.  tiled  the  lateral  horn.  This  is  shown  in  fig.  U9  C.  Clarke** 
column  is  also  confined  to  this  region  of  the  cord. 

/n  ' '  ITftmmi  the  grey  nattar    n.'-iiri   bears  a  very  large  proportion 

to  the  whole  slw  of  the  truns verse  section,  but  its  posterior  comun  are  shorter  and 
blunter  than  they  arc  in  the  cervical  region  'I  he  grey  commissure  is  short  and 
extremely  narrow.      The  cord  K  circular  on  tnnwerse  section. 

Aii!''  "/'.i       pari  mu  r»n-ii«i/Airw,  which  is  the  |>ortiori  of  the  cord  im- 

mediately below  the  lumbar  enl.-irgcrncnt,  the  grey  substance  occupies  nearly  the 
whole  of  the  transverse  section,  as  it  Is  only  invested  by  a  thin  layer  of  white  sub- 


Cll.  xlil] 


REGIONAL    DIFFERENCES    IN    CORD 


621 


stance.    This  thin  layer  is  wanting  in  the  neighbourhood  of  the  posterior  n  rve-roots. 
The  grey  commissure  is  extremely  thick. 

At  the  level  of  the  fifth  sacral  nerve  the  grey  matter  is  also  in  excess,  and  the 
central  canal  is  enlarged,  appearing  T-shaped  in  section ;  whilst  in  the  upper  portion 
of  the  filum  terminate  the  grey  matter  is  uniform  in  shape  without  any  central 
canal. 
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At  tho  lowest  part  of  the  hraiu  (fig.  454),  continuing  the  spinal 
cord  upwards,  is  the  medulla  oblongata  or  bulb  (D).  Next  comes  the 
pons  Varolii  (C).  very  :<■  I  tely  called  the  bridge,  because  in  it 

are  the  connections  between  the  btdb  and  the  upper  regions  of  tho 
brain,  and  lietween  the  cerebellum  or  tin  (B)  and  the  rest  of 

t,ho  nervous  system. 

The  mid-brain  comes  next  {a,  b),  and  this  leads  into  the  peduncles 
or  crura  of  the  cerebrum  (A),  the  largest  section  of  the  brain. 

Through  the  brain  runs  a  cavity  filled  with  cerebro-spinal  fluid 
(see  p.  178),  and  lined  by  ciliated  epithelium  ;  this  is  continuous  with 
the  central  canal  of  the  spinal  OOfd.      D      '  ain,  however,  it  does 


Km.  4M.— I'Un  In  uuUln*  of  the  bnlm,  *»  wta  from  th«  rtxtit  ■  I    M    \+n*  «rt>  rvpreMMntad  m 

atiuunlml  frjm  iiae  another  sjtnawhat  mnra  Unn  natural,  uiilo  itLuw   Uieir  conMcUun*.     A, 

■  ■■  nm :  /,  a,  K,  it*  anUrlor,  miit-li*,  mid  B,  ceralmUaiu  ; 

.1 '.  nii-iull*  i>M<hui»U  ;  •>.  (xduix^M  of  Um  wwbcuw :  b,  <■.  J,  •uptrMr,  ml  Mia,  ami 

Interior  jioiliinrlea  r>r  tha  ooc»b«lluiii.    (r"»om  l/ualn). 

not  remain  a  simple  canal,  hut  is  enlarged  at  intervals  into  what  are 
called  the  ventricles.  There  is  one  ventricle  in  eaqh  half  or 
hemisphere  of  the  cerebrum;  these  are  called  the  lateral  ventricles, 
they  open  into  the  (hird  ventricle,  ddle  line;  and 

i  ana]  (aqwthttt  of  8yMu*)  leads  from  this  to  the  fourth 
vttntri'-tc,  which  i.s  plaOM  on  tho  l>aek  of  tho  bulb  and  pons,  which 
form  its  floor;  its  roof  is  formed  partly  by  tho  overhanging  cere- 
bellum, partly  by  pia  mater.  This  piece  of  pia  mater  is  pierced  by  a 
hole  [Foramen  of  Magendie),  and  so  the  cerehro-spinal  fluid  in  the 
interior  of  the  cerebro-spinal  cavity  is  continuous  with  that  which 
bathes  tho  external  surface  of  brain  and  cortl  in  the  sub-arachnoid 
space.     Tho  fuurth  \cutriclo  loads  into  the  central  canal  of  the  I ; 
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cord.     The  fifth  ventricle  in  the  central  structures  of  the  brain  does 

not  communicate  with  the  others. 

Speaking  generally,  thore  are  two  main  collections  of  grey 
iter — that  on  the  surface,  and  ihfl 
the  interior  bordering  on  the  cerebro-spinal 
cavity,  and  subdivided  into  various  masses 
(floor  of  fourth  ventricle,  corpora  striata, 
thalami,  etc.),  whose  closer  acquaint- 
ance we  shall  make  presently. 

In  the  foetus  the  central  nervous  system 
is  formed  by  an  infolding  of  a  portion  of 
surface  opiblast.  This  becomes  a  tubo 
nervous  mattor,  which  loses  all  connection 
with  the  surface  of  the  body,  though  later 
in  life  this  is  in  a  sense  re-established  by  the 
nerves  that  grow  from  the  brain  and  cord  to 
the  surface.  Tho  anterior  ond  of  this  tube 
becomes  greatly  thickened,  to  form  the 
brain,  its  cavity  becoming  the  cerebral  ven- 
tricles; the  rost  of  tho  tube  becomes  the 
spinal  cord.  The  primitivo  brain  iB  at  first 
subdivided  into  three  parts,  the  primary 
cerebral  vesicles ;  tho  first  and  third  of  these 
again  •subdivide,  so  that  there  are  ultimately 
five  divisions,  which  have  received  the 
following  names : — 

1.  Pros-encephalon,  or  fore  brain.  This 
iB  developed  into  the  cerebrum  with  the 
corpora  striata.  It  encloses  the  lateral 
ventricles. 

2.  Thalam-encephalon,  or  turixt  brain. 
This  is  developed  into  tho  parts  including 
tho  optic  thalami,  which  enclose  the  third 
ventricle. 

3.  Mesencephalon,    or  mid  brain, 
sists  of  li.'^  parts  which  enclose   the  aque- 
duct    of     Sylvius  —  namely,     the    corj 
ijuadrigemina,    which    form    its    dorsal,    and 
the  crura  cerebri,   which   form    its   ventral 
aspect. 

4.  Bp-encephalon,  or   hind   brain,  which   forms  the  cerebellum 
and  pons. 

5.  Met-encephalon,  or  after  brain,   which  forms   the   bulb  or 
medulla  oblongata. 


Afo. 


■  ■;.  -Pl*»Tammatlc  hori- 
lontal  Mellon  of  a  v«rt*br»ta 
brain.  Tli*  niruraasoo" 
forlhlaanti  the  next  diagram. 
Mb.  midbrain :  what  lia.  In 
front  of  thla  I*  Ilia  fore.,  and 
what  Km  behind,  the  hind, 
brain;  J.l,  lamina  terminal!*  : 

h«oila|.b#raa ;  Tk.  K.  tliala- 
tnanr#ph*lo« ;  fa,  r.inr*l 
■land;     J'y,    pitulUn 

i".,  furamni  of  Miuiro;  a, 
onrjmii  atnatiim ;  7"»,  owir 
thalamus ;  CV,  crura  ttrebrl : 
th»ma»«h  I  ■  canal 

rrprraanU  Uia  ■ 
ritcwiilna ;    C6,    caral- 

medulla    oblongata: 

t—IX,   nine  iu4r«  of  cranial 

nervea:    1,  olfactory    veutri- 

2      lateral     ventricle  j 

I,  UOrl  ventricle;  i,  funrth 

tiM*;      ,  lien    ■ 
vl  qaarVlrn  vautricnluai.  or 
aqufli:  Bt  OtO/t\ 
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Figs.  455  and  456  represent  a  diagrammatic  view  of  a  vertebrate 
brain;  the  attachment  of  the  pineal  gland,  pituitary  body,  and 
olfactory  (I)  and  optic  (II)  nerves  is  also^shown. 


Fn;.  456.— Longitudinal  anil  vertical  diagrammatic  section  of  a  vertebrate  brain.  Letters  a*  before 
PV,  pons  Varolii.  Lamina  terminal!*  is  repre«ente<l  by  the  etrong  black  line  joining  Pn  and  Py. 
(Huxley.) 
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CHAPTER  XLIV 

STRUCTURE  OF  THE  BULB,   PONS,  AND  MID-BRAIN 

We  may  study  the  bulb  and  pons  by  examining  first  the  anterior 
or  ventral,  then  the  posterior  or  dorsal  aspect,  and  last  of  all  the 
interior. 

Anterior  Aspect. 

The  bulb  is  seen  to  be  shaped,  like  an  inverted  truncated 
cone,  larger  than  the  spinal  cord,  and  enlarging  as  it  goes  up  until 
it  terminates  in  the  still  larger  pons  (fig.  457,  p).  In  the  middle  line 
is  a  groove,  which  is  a  continuation  upwards  of  the  anterior  median 
fissure  of  the  spinal  cord;  the  columns  of  the  bulb  are,  speaking 
roughly,  continuations  upwards  of  those  of  the  cord,  but  there  is  a 
considerable  rearrangement  of  the  fibres  in  each.  Thus  the  prominent 
columns  in  the  middle  line,  called  the  pyramids  (a  a),  are  composed 
of  the  pyramidal  fibres,  which  in  the  spinal  cord  are  situated  princi- 
pally in  the  lateral  columns  of  the  opposite  side  (crossed  pyramidal 
tracts).  The  decussation  or  crossing  of  the  pyramids  (J)  occurs  at 
their  lower  part:  a  small  collection  of  the  pyramidal  fibres  is, 
however,  continued  down  the  cord  in  the  anterior  column  of  the  same 
side  of  the  cord  (direct  pyramidal  tract):  these  cross  at  different 
levels  in  the  cord. 

On  the  outer  side  of  each  pyramid  is  an  oval  prominence  (c  c), 
which  is  not  represented  in  the  spinal  cord  at  all.  These  are  called 
the  olivary  bodies  or  olives;  they  consist  of  white  matter  outside, 
with  grey  and  white  matter  in  their  interior. 

The  resti/orm  bodies  at  the  sides  (d  d)  are  the  continuation  upwards 
of  those  fibres  from  cord  and  bulb  which  enter  the  cerebellum,  and 
the  upper  part  of  each  restiform  body  is  called  the  inferior  peduncls 
of  the  cerebellum* 

*  Each  half  of  the  cerebellum  has  three  peduncles :  inferior,  middle,  and 
Superior. 

020 


CH.  XLIV.] 


STRUCTURE  OP    BULB    AND    PONS 


62' 


Posterior  Aspect. 

Fig.  458  shows  a  surfaco  view  of  the  bnek  of  tho  bulb,  pons,  and 
mid-bruin.  Again  we  recogniso  somo  of  tho  parts  of  the  spinal  cord 
continued  upwards,  though  generally  with  new  names,  and  again  wo 
see  certain  new  structures. 

Tho  posterior  median  fissure  is  continued  upwards,  and  on  oach 
side  of  it  is  the  prolongation  upwards  of  the  posterior  column  i»f 


Kio.  *!".— Van  Ira)  oc  aalartor  «tirf»<-«  •<! 
the  pons  Van  III.  aixl  me-luUi  oblon- 
£*U.  a,  a,  pyramMi;  \  their  <fec*M- 
»»Um;  r.  c,  olivary  UxUea;  4,  4, 
reatlform  bo4lM;  t,  arcuate  Sbnu: 
/.  flbraa  p*«*Uitf  from  the  auterior 
column  uf  lilt  (Up]  to  Uic  CBTB- 
baUnm;  d,  anterior  column  of  the 
•  ;>in»l  aanl ;  K,  latent  column ;  j>. 
pona  Varolii;  i,  lt»  nppar  nbrw; 
i,  1,  roota  of  tho  OfUi  palir  of  ■ 


Via.  4M.-Dora*l  or  poauifor  aurfare 
of  th*  ]iofia  Varolii,  corpora  quad. 
rfjatnltw,  ami  m^u.lla  oMuiigaU. 
The  padundaa  of  the  rerclelluin 
•ra  cut  abort  at  the  aMea.  a, 
upjwr  pair  of  corpora  qua>Iri> 
jarnllia  ;  b,  6,  the  lower;  /,  /,  eone- 
rlor  pMBMclan  of  the  oerri- 
c,  eminence  ounneeterl  «ub  tri* 
tiDckui  of  the  hypogloeaaj  Mm: 
r,  that  of  tbe  Kloaso-pharrnejMl 
nerve;  I,  Uiat  of  the  vagus  nerre; 
J,  .«.  Kallforra  bodlaa;  p,  p,  poste- 
rior column*;  c,  r,  icrcnva  In  th.- 
middle  of  the  fourth  »< 
coding  below  to  th*  •-*laniiu  ecrlp- 
tnrlna;  7,   7,  roota  of  the  an 


■hi   OanL     The  Oolomtl   of  Gull  is  uow  called  the  Funiculus  gracilix, 
and  tho  column  of  Bwdaofa  the  Funiculus  cvneatus. 

Tho  two  funiculi  graciles  lie  at  first  side  by  side,  but  soon 
diverge  and  form  the  two  lower  boundaries  of  a  diamond -shaped  space 
called  the  floor  of  the  fourth  ventricle ;  this  is  made  of  grey  matter; 
the  central  canal  of  the  cord  gets  nearer  and  nearer  to  the  dorsal 
surface  of  the  bulb,  till  at  last  it  opens  out  on  the  back  of  the  bulb. 
and  its  surrounding  grey  matter  is  spread  out  to  form  tho  floor  of 
the  fourth  ventricle.    Tho  two  upper  boundaries  of  the  diamond-shaped 
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space  are  made  by  the  superior  peduncles  of  the  cerebellum,  wl 
contain  fibres  going  up   through   the  raid -brain    to   the   cer 
The  middle  peduncles  of  tho  cerebellum  are  principally  made  np  of 
fibres  running  from  one  cerebellar  hemisphere   towards  the   of 
through  the  pons. 

Running  down  the  centre  of  tho  floor  of  the  fourth  ventricle  i8 
a  shallow  groove;   on  each  side  of  this  is  a  rounded  longitudinal 
lence  called  the  eminentia  teres;  running  across  tho  middb 
lloor  are  a  number  of  fibres  (the  stria:  acousticos),  which  join  tho 
auditory  nerve. 

In  the  upper  part  of  the  diagram,  the  mid-brain,  with  the  corpora 
quadrigtmina  (a  a,  b  b),  is  shown.  Here  there  is  once  more  a  canal 
which  penetrates  tho  substance  of  the  mid-brain,  and  is  callod  tho 
aqueduct  of  Sylvius,  or  the  iter  a  tertio  ad  quartum  rentriculum  . 
loads,  as  its  second  namo  indicates,  from  the  third  to  the  fourth 
vontricle. 

The  Internal  Structure  of  the  Bulb,  Pons,  and  Mid-Brain. 

The  Btruoton  <»f  the  interior  of  these  parts  is  com  pi  (jbfl 

complexity  arises  from  the  circumBtanco  that  here  we  have  to  deal 
not  only  with  parts  running  upwards  from  cord  to  brain,  or  down 
from  brain  to  cord,  but  also  with  a  considerable  amount  of  grey 
matter  in  which  some  of  tho  white  tracts  terminate,  or  from  which 
now  tracts  issue.  The  most  important  stretch  of  grey  matter  is  that 
which  appeals  on  the  floor  M  iLm  tborth  ventricle,  ami  which  is 
Continued  upwards  around  the  Sylvian  aqueduct,  and  downwards 
into  tho  spinal  cord  ;  hero  are  situated  groups  of  nerve-cells,  which 
are  spoken  of  as  centres,  or  nuclei  The  moBt  important  of  these  are 
those  which  are  connected  to  the  cranial  nerves.  There  are  altogether 
twelve  pairs  of  cranial  nerves,  and  of  those  the  last  ten  pairs  originate 
from  tho  floor  of  tho  fourth  ventricle  or  the  neighbouring  grey 
matter. 

The  following  is  a  list  of  the  cranial  nerves : — 

1    Olfactory. — This  is  the  nerve  of  smell 
I    Optic — This  is  the  nerve  of  sight. 

rVndUiffir    1  Theso  throe  nerves  supply   tho  muscles   of   the 

6.  Aixlucens    J  ^ 

ml. — This  is  the  great  sensory  nerve  of  the  face  and 
head.  Its  smaller  motor  division  supplies  the  muscles  of  mastication 
and  a  few  other  muscles  also. 

7.  Facial. — This  is  mainly  the  motor  nevve  of  the  face  muscles. 

8.  Auditory. — This  is  divided  into  two  parts,  one  of  which,  called 
the  cochlear  nerve,  is  the  true  nerve  of  hearing,  ami   (a  distributed  to 
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the  cochlea  of  tho  internal  ear ;  the  other  division,  called  the  vestibular 
nerve,  is  distributed  to  tho  vestibule  and  semi -circular  canals  of  the 
intornal  ear. 

9.  Glossopharyngeal. — This  is  a  mixed  nerve ;  its  motor  fibres  pass 
to  certain  of  the  pharyngeal  muscles ;  its  sensory  fibres  are  mainly 
concerned  in  the  sense  of  taste. 

10.  Vagus  or pneumogaxiric — This  is  a  nerve  with  varied  eff< 
and  afferent  functions;    its  branches  pass  to  pharynx,  larynx,  oeso- 
phagus, stomach,  lungs,  heart,  intestines,  liver  and  spleen.      Most 
of  theso  functions  we  have  already  studied  in  connection  with  these 
organs. 

11.  Spi7ial  accessory. — The  internal  branch  of  this  nerve  blends 
with  tho  vagus,  and  its  larger  external  division  supplies  the  trapezius 
and  tho  sterno-mastoid  muscles. 

1 2.  Hypoglossal. — This  is  the  motor  nerve  to  the  tongue  musclos. 
A  mere  enumeration  of  the  nerves  connected  to  tho  bulb  shows 

how  supremoly  important  this  small  area  of  the  brain  is  for  carrying 
on  the  organic  functions  of  life.  It  contains  centres  which  regulate 
deglutition,  vomiting,  the  secretion  of  saliva,  etc.,  respiration,  the 
heart's  movements,  and  the  vaso-motor  nerves. 

When  we  further  consider  that  tho  various  centres  are  connected 
by  groups  of  association  fibres,  we  at  once  realise  the  reason  for  the 
ly  of  the  structures  where  all  this  busy  traffic  takos  place. 

In  the  enumeration  of  tho  cranial  norvos,  it  will  be  noticed  that 
many  of  them  are  either  wholly  motor  or  u bully  sensory,  ami  that 
some  of  them,  like  the  spinal  nerves,  have  a  double  function.  The 
motor  nerve  fibres  start  as  axons  from  the  groups  of  nerve-cells  in 
the  grey  matter  of  this  region,  just  as  the  motor  fibres  in  tho  spinal 
nerves  origiuate  from  the  cells  of  tho  spinal  grey  matter.  There  is 
a  corresponding  rosemblauco  in  tho  origin  of  the  sensory  fibres  of 
tho  cranial  and  spinal  nerves.  In  the  latter,  it,  will  l»e  rememliered, 
they  originate  as  outgrowths  from  tho  cells  of  the  B]  nglia,  one 

branch  growing  to  tho  periphery,  and  the  other  to  the  spinal 

mates  after  a  more  or  less  extended  course  by  forming 

synapsos  with  the  cells  of  the  grey  matter.     In  the  cranial  nerves 

have  a  corresponding  origin  in   |  mglia,  and    those 

branches  which  grow  towards  tho  bulb  terminate  by  arborising  around 

special  groups  of  colls  spoken  of  u  the  sen  lei. 

The  following  diagram  (fig.  450)  roughly  Indfontee  the  position 
i  ;  the  motor  nuclei  are  colnmeii  blue,  and  the  sensory 
red.     It  must,  however,  be  clearly  recognised  that  while  the  motor 
i  are  true  centres  of  origin,  that  the  so-cu"  oiy  nuclei  arc 

groups  of  cells  around  which  tho  entering  sensory  fibres  arborise ;  these 
cells  do  not  give  origin  to  the  axons  of  tho  sensory  nerves.  After  we 
have  studied  tho  internal  structure  of  the  bulb  we  shall  lie  able  to 
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Wm.  4.W.— Diagram  to  tliow  tlie  i>*ttl"ii  of  the  nuclei  of  tha  waulal  nerves  (after Sherrington).  Tba 
»r«i  rt»w«1  h  i  -»l  »»[rf«-t,  tltr  or-n-lmun  and  .vr»t*llnm  U»rinK  \*mi  cot 

away.  Tli*  nucl«l  (derisory  coloured  rati,  and  motor  U»i)  are  iwwwnhi  aa  betnjj  mcu  through 
miitpkretit  in»t*f1»i.  CQ.  a.,  anwrio*  oorpu*  iinadriprniliiijm ;  C.Q.  p.,  poaUrlor  oorpat  ua»lri- 
icvmhi  .  v»l»*  uf  Vi«iM»ii.  '.  as;  r,l.,  euilneutta 

Utm:  »ir.  A.,  »tri«-  aoo  I'.,   M.P.,  am  rlor  mlddl*  and  tiiffrior  cerebnllnm 

[wduhfle*  f.*f*rtivflly  cut  through.    The  numerals  III.  to  Ml  indirata  tiw  nnrl*l  of  the  napac. 

iinlaltieni»,aliJiijwium»IiiilpriiililBeirrT)tUie«ct-<iMor3f-va)W-«l0MOt'liar}iigf»l  IX.,  X.,  XI. v 
which  to  avoid  otmfuatoa  In  placed  on  the  right  ilde.  Vw.  l»  th*  niutor  hucImm  <*  the  fifth  n«rve  ; 
V,i..  tlio  m-atory  nucleus  ot  the  same  nerrti  with  Its  lonit  deaewidliiR  rxit;    Vlllm.,  the  median 

in  ofiliir  auliUirr  uene;  X.l».  Nucleus  of  fellers;  a.  tmh.  nucleus  amhlguui.  The  fiaarUon 
of  th*  descending  root  of  the  ninth  and  tenth  (faaclculus  soliurlus)  I*  also  indicated  </.«). 

nuclei.     It  will  bo  noticed  that  the  so-called  sensory  nuclei  (coloured 
red)  are  in  the  minority ;  they  comprise  the  sonsory  nucleus  of  I 
fifth  nervo  with  its  long  descending  (fotmerly  called  ascending)  root, 
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tho  nuclei  of  tho  eighth  nerve  (only  one  of  which,  V 1 1 1  at .,  is  seen  in  tho 
diagram),  and  the  glossopharyngeal  and  vagal  portions  of  a  long 
strand  of  nerve-cells  called  the  combined  nucleus  of  tlio  ninth,  tenth, 
and  eleventh  nerves.  The  remaining  nuclei  (coloured  Una)  are 
efferent,  and  may  be  principally  arranged  into  two  groups: — (1)  tho 
nuclei  of  the  third,  fourth,  sixth,  and  twelfth  nerves,  which  are  close 
to  the  middle  lino;  and  (2)  tho  motor  nucleus  of  the  fifth,  the  nucleus 
of  tho  soventh,  and  tho  nuclous  ambigu us  (motor  nucleus  of  the  ninth 
and  tenth  nerves)  which  furm  a  lino  moro  lateral  in  position. 

It  should  l>e  added  that  van  Gehuchten  has  shown  that,  except 
a  few  fibres  of  the  third,  and  tho  whole  of  the  fourth  nerves,  none 
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I  i  .    46u.  — OiapamiiMUi.'  r»l>!»««iiUlK.ii  nt  iliinuu  »«|«<t  or  iimmIiiIU,  {.on*.  an<l  BiW-bralri. 

of  the  lilires  of  tho  cranial  nerves  cross  to  tho  opposite  side. 

The  first  two  pairs  of  cranial  nerves,  tho  olfactory  and  the  optic, 
will  be  studied  in  connection  with  smell  and  vision  later  on. 

We  can  now  pass  to  the  consideration  of  transverse  sections  of 
this  part  of  the  central  nervous  system.  We  will  limit  ourselves  to 
seven,  the  level  of  wfajeh  is  indicated  in  the  above  diagram  (fig.  460). 
The  cerebellum  has  bean  bUMfed  into  two  halves  and  turned  out- 
wards, its  upper  peduncles  having  l»een  cut  through  to  render  the 
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parts  iuoro  evident.     The  position  of  our  seven  sections  is  indicated 
by  the  transverse  lines  numbered  1  to  7. 

i  1 1. en  at  the  lowest  lovel  of  the   bulb, 
through  the  region  of  the  docussai 
of  tho   pyramids.      The  similArity  to 
the    cervical    cord    will    be   at    once 
recognised;   the  passage  of  the  pyra- 
midal fibres  (P)  from  the  anterior  part 
of  the  bulb  to  tho  crossed  pyramidal 
tract  of  the  opposite  side  of  tho  c< 
cuts  off  the  tip  of  anterior  horn   (A), 
which  in  sections  higher  up  appears  as 
au  isolated  mass  of  grey  matter,  called 
tho  lateral  nucleus  (fig.  462,  nl).     The 
V  formed  by  the  two  posterior  horns 
is  opened    out,    and    thus    tho    grey 
matter  with  the  central  canal  is  brought 
iH'.utjr  tu  tlio  dorsal  aspect  of  the  bulb; 
the    tip    of    the  cornu    swells    out   to 
form   the  substantia  gelalinosa  of  Ro- 
lando  (K),  which  causes  a  prominence 
on  the  surface  called   the  tubercle  of 
Rolando;  G  and   C   are  the  funiculi 
gracilis  and  cuneatus  respectively,  the 
continuations  upwards  of  tho  columns 
of  Goll  and  Burdach. 

Muny  of  tin-  fibres  of  tin   pm  mid*]  tract  terminate  in  th«-  mM  brain  iuid 

Suns,  henoe  this  trad  is  reduced  in  si«e  when  it  reaches  the  bull*.     The  pyramidal 
brcs  on  their  long  journey  give  ofi  CoDatettk  U>  the  CM  Hi,  the  basal 

pmi'l  cTfliniiii.  tin:  --ul'  -i ani I  i  nJgn  oi  lln*  mid-brain,  Ilic  nuclei  ponti 

the  pons,   and  lower  down  in  the-  cord  to  the  base  of  il*  posterior  horn.     They, 
however,  do  not  give  off  collaterals  to  the  motor  nuclei  ul  thee  nerrei  on  their 

passag.-  through  the  bulb  (SilialVr).     The  only  collaterals  given  oil   In  this  region 
lire  ii  IMP  to  the  olivary  nuclei. 

Second  section  (fig.  462). — This  is  taken  through  the  upper 
part  of  tho  decussation.  Beginning  in  the  middle  lint;  at  tho  top  of 
tho  diagram,  we  see  first  the  posturim-  in 

which  is  the  grey  matter  enclosing  the  central  canal  id  Con- 

taining the  nuclei  of  the  eleventh  and  twelfth  nerves  ;  the  funiculus 
gracilis  (f.y.)  comes  next,  and  then  the  funiculus  cuneatus  (/.c.) ;  these 
two  funiculi  have  now  grey  matter  in  their  interior:  these  masses 
of  grey  matter  aro  called  respectively  nucleus  gracilis  (n.g.)  and 
nucleus  cuneatus  (ji.c.)  ,  tin;  fibres  which  have  ascended  tho  posterior 
columns  of  the  cord  terminate  by  arborising  around  the  cells  of  this 
grey  matter;  tho  fibres  from  tho  lower  part  of  the  body  end  in  i 
nucleus  gracilis,  and  those  from  the  upper  part  of  the  body  in  the 


Flu.  ifll.— BceU'ju  through  Urn  bulb  nt 
,  Motion  of  tlin 
pvmnMa,  O,  funiculi!*  irnu-t: 
UouiUunofoulumii  'f '  I"ll ;  >  . :  ■ 
irunMtu*,  continuation  of  i-olnmn  of 
Bankch;  «,  fuUUntU  r«UUdoh  of 
HnlMvln.  ivmtlnuat!>>n  of  portal 

i.r  »|,n  ,  eoaMmrtta 

oral  column  of  corl  j  a,  ranatni  of  rmrt 
of  tb-  anl'-rlor  bom,  iw|it»tol  (mm 
the  re«t  of  the  icn*y  maltrr  by  Lha 
pynnil-lnl  flhren  v,  which  »ro  cruadaj; 
-imll  uf  tho  niHulli  to  tho 
[•rttortriT  f»rt  of  tlio  latrrtl  column  of 
tb-  ").['j«lt*  alia  of  Dm  cftnl. 

(Afl<-:   :  i 


— Tnuiararae aection  of  th«  medulla  ohlonpata  In  tlia  n^oa  of  tbe  aupariur  deonealioti.  a.«k/„ 
anterior  median  n«*uni;  /.«..  aujMirliclal  arctiaW  Btira*;  ;•».,  pyramid :  n.n.r.,  nucM  Of  HMD 
Dt/Na;  /.<•',  deep  airuate  flhrm  Mroinlnf  auparflcial :  ».  »'.  lowar  *nJ  ut  olivary  uudeo» .  *.!.. 
Ductal*  Uteralu:  -,    arcuate  Bbree  iirweadlntf  trwn  Hi*  furniatto 

rattcularU;   t,    MibaUii'  una  of   Kola.-.  iaaeendlns   root  of  Qflh  ner*- 

fuitioului    runra*.ii«:    »  t .    nurloai    rannatna;    *.c.  ,  external   ciinnta   nut'leu*; 
eraolla; /.-/.,  feakulut  una- lib;  /-.»-,/.,  interior  uiwliau  fUaure;  c.e..  contra!  canal  surrounded 
bjr  grey  matter,  n.  trfaicB  an  i..iu  iff  Um  4orenth  and  n.XII..  mdm  of  tlie  twelfth 

■en--  ,  '  rilJfliX    (Modiiied  fr-an  SdhralbeJ 

break  up  the  rest  of  the  grey  matter  into  what  ia  called  the  formatio 
reticularis. 

The  nucleus  gracilis  and  nucleus  cuneatus  are  often  spoken  of  as 
tho  posterior  column  nuclei;  thoy  do  not  receive  all  the  ascending 
branches  of  the  posterior  root  fibres,  for  a  number  of  theso  biam-law 
have  already  entered  thegroy  mutter  and  arborised  amongst  its  cells 
in  the  spinal  cord  itself.  The  cells  of  the  posterior  column  nuclei 
are  of  modSBate  size,  and  their  axons  pass  as  internal  arcuate  fibres 
into  the  reticular  formation  l»etween  the  two  olivary  bodies,  which 
LI  known  as  the  inter-olivary  layer.  They  cross  the  median  raphe 
dorsal   Lo  tho  pyramids,  and  then  turn  upward  ij.jHir 

parts  of  tho  brain,  and  so  constitute  what  is  known  as  thn  Jtllet.     In 
the  higher  parts  of  the  bulb  and  ifl  niufoicfid  by 

fibres   from  the  sella  Of  the  aanaorj   noeLed   of  the  cranial  nerves. 
Tim  lillot  becomes  a  lougitudinal    bundle,  whir-.h  passes  upwards  to 
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of  tli.'  cerebrum,  liut  the  sensory  impulses  go  thro 
ono  or  inoro  coll-stati  n     (positions  of  relay)  beforo  they  ult 
arrive  at  the  cortex.     We  now  see   that  the   brain   has  a  crossed 
relationship  to   the  body,  the  left  half  of  tho  brain  governing 
right  half  of  tho  bod  vice  vers",  both  as  regards  motion  and 

sensation;  the  motor  fibres  mostly  OTOSB  at  the  deeussah.' 
pyramids,  some  few  (those  in  the  direct  pyramidal  tract)  crossing  at 
lower  levels   in  the  cord;   the  sensory  ti tiros   mostly  cross   at   the 
decussation  of  the  fillet,  though  some  few  cross  at  lower  levels  in  th*» 


i.p. 


J.V. 


fio.  40* HeflUcn  of  tha  medulla  uMuriinu  at  about  tha  mkhila  af  tha  calvary  body.    J.l.iu,  MtOTtor 

ttMdlma  flaaara;  n.ar.,  Duel  em  arcuatn*;  |  .  pogtol— I  iiarr*  rumtnlog 

(torn  Uk  rarfaca ;  at  l>.  It  ia  «son  ouuraing  Utwoon  tha  pyrarm.i  anil  tha  olivary  nucloua,  o  ; 

Mtrmal  un.-uatn  nhraa;  »  I.,  tmcleua  lataralla ;  a.,  aJt-uaW  tlhfcw  i-h-Ii.*  f>*»r.l»  r.-. 

jani>  thminJi  th-  -ut-UiiU*  tfflatiiKM,  p.,  i-artly  aui-trCcla.1  to  Uit  afcacendlag  root  uf  the  Oflh 

nen<  .  iHimtlant  vagiit  root  mnmtafr,  J.r.,  forma-  ,»  reatUbi 

baKiiinitik.'  to  l«"  Ibrmail,  ch>Hy  liy  ajvnata  •  ;i ;  ».c,  DU< 

ooclm.i  uracil  ia;  r,  •twlirueiit  of  ilia  lljiula;  /.•.,  futikului  vJltariii-  (Art* 

th*  ra^u'i  nndna;  n.xn.,  hypoRloaMl  ritiri.  ,'.  th*  rmk-uhn  t*c» 

uuclpua  auiUiraua .  r.,  rapba;  .(..  oonUaaaUon  of  the  autertur  column  of  oonl 

olivary  troeleaa;  p.oX.,  pe-lunculua  olivat.    (UodlDod  (Irani  Scbvalrr.) 

cord,  soon  after  their  entrance  into  the  cord  by  the  posterior  d 

loots 

Other  points  to   be  noticed  in   the  section  are   the   Bubstai 
gelatinou  of  Rolando  (g)  (remains  of  posterior  cornu  of  the 
now  separated  from  the  surface  by  the  descending  root  of  the  tif 
nerve  (rf.  P.);  tha  lateral  nucleus  (n  [)  (remains  of  the  anterior 
of  the  cord);  tho  lower  part  of  the  grey  matter  of  tho  olivary  body 
(o,  o'),  and  moat  anteriorly  tho  pyramid  (j/y). 

Third  section — This  (fig.  463)  is  taken  ;it  about  the  middle 
the  olivary  body,  and  passes  also  through  the  lower  part  of  the  flo 


of 
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of  the  fourth  ventricle.  The  central  canal  has  now  opened  out  into 
tho  fourth  ventricle,  and  the  grey  matter  on  its  floor  contains  the 
nuclei  of  the  twelfth  and  tenth  nerves ;  bundles  of  tho  fibres  of  these 
nerves  course  through  the  substance  of  tho  bulb,  leaving  it  at  tho 
places  indicated  in  tho  diagram. 

The  nucleus  gracilis,  nucleus  cuneatus,  are  pushed  into  a  moro 
lateral  position,  and  higher  up  are  replaced  by  small  masses  of  grey 
matter  mfagfoi  with  norvo -fibres  (nucleus  posterior);  the  restiform 
body  (O.r.)  now  forms  a  well-marked  prominence,  and  the  olivary 
body  is  well  seen  with  its  dentate  nucleus ;  from  the  open  mouth  of 
this  corrugated  layer  of  grey  matter  a  large  number  of  fibres  issue, 
and  passing  through  tho  raphe,  course  as  internal  arcuate  fibres  to 
tho  opposite  rostiform  body,  and  thus  to  the  cerel)ellum ;  some  pass 
to  the  restiform  body  of  the  same  side;  the  continuation  of  the 
direct  cerebellar  tract  of  the  cord  also  passes  into  the  restiform  body. 
Its  fibres  terminate  by  arborisations  round  Purkinje's  cells  in  the 
vermis  of  the  cerebellum.  Tho  continuation  of  the  tract  of  Gowers 
lies  just  dorsal  to  the  olivary  body.  The  funiculus  soHtarius  and 
nucleus  ambiguus,  also  seon  in  this  section,  will  l>o  more  fully  con- 
sidered in  our  account  of  the  origin  of  tho  ninth  and  tenth  cranial 
norves. 

Fourth  section  (fig.  464).— This  is  taken  through  tho  middle  of 
the  pons,  and  shows  much  the  same  kind  of  arrangement  as  in  r in- 
upper  part  of  the  bulb.  The  general  appearance  of  the  section  is, 
however,  modified  by  a  number  of  transversely  coursing  bundles  of 
fibres,  most  of  which  are  passing  from  the  cerebellar  hemi- 
spheres to  the  raphe,  and  form  the  middlo  cerebellar  peduncles. 
Intermingled  with  these  is  a  OOSskloxftMS  amount  of  grey  matter 
(nuclei  pontis). 

From  the  cells  of  the  nuclei  pontis,  many  of  the  fibres  of  the  middle 
peduncle  take  origin,  and  many  fibres  and  collaterals  of  the  pyramidal 
tract  arborise  around  them.  The  continuation  of  the  pyramids  (py)  is 
omboddod  between  these  transverse  bundles.  Tho  pyramidal  fibres 
which  terminate  in  the  pou9  are  situated  postero-laterally,  and  are 
spoken  of  as  cortico-pontine  in   conb  -i.i«m   with   those  of  the 

pyramidal  tract  proper  (cortiro-sjiinu!)  which  pass  down  through  the 
bulb  to  the  cord. 

The  pyramidal  bundles  are  separated  from  the  reticular  formation 
by  deeper  transverse  fibres,  winch  constitute  what  is  known  as  the 
trapezium  (t).  These  fibres  belong  to  a  different  system,  and  form 
part  i  if  tho  central  auditory  .  comi.' -i  t.he  auditory 

nuclei  of  the  two  sides  together.  The  largor  olivary  nucleus  is  no 
longer  seen,  butoneor  two  small  collect  ions  of  gre]  (o.s.)  repre- 

sent it  and  constitute  the  superior  ol<  Those  as  wall  as  a 

collection  of  nerve-cells  in  the  trapezium   (nucleus  of  the  trapezium) 
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are  connected  with  fibres  of  the  trapezium,  while  some  of  their  axons 
pass  into  the  adjacent  lateral  part  of  the  fillet. 

The  nucleus  of  Deiters  (n.  VIII,  fig.  464)  begins  to  appear  in  the 
upper  part  of  the  bulb,  and  extends  into  the  pons ;  it  lies  near  the 
floor  of  the  ventricle,  a  little  mesial  to  the  restiform  body.  The 
nerve-fibres  connected  with  its  cells  pass  towards  the  middle  line, 
and  enter  the  posterior  longitudinal  bundle,  which  is  more  clearly  seen 


n.VIU 


\  in 


Km.  hh.  Nertlou  across  the  |>oii4,  about  the  middle  of  the  fourth  ventricle.  ;>y. ,  pyramidal  bundle* ; 
;>o.,  transverse  ilbres  passing  ;■»,  behind,  and  p...,  in  burnt  of  pii ;  r.,  raphe :  o.t.,  superior  olire; 
a.  I'.,  bundles  of  motor  root  of  I  .  nerve  enclosed  in  a  prolongation  of  the  substance  of  Rolando ;  I, 
trapezium;  I"/.,  the  sixth  nerve,  n,  17.,  Its  nucleus:  I'll.,  facial  nerve;  VII.  a.,  intermediate  por- 
tion, n.  I'll.,  Its  nucleus  ;  VIII.,  auditory  nerve,  n.  VIII.,  I  liters'  nucleus  formerly  called  the 
lateral  nucleus  of  the  auditory.    (After  Quain.) 


in  the  two  next  soctions  (tig.  465).  This  bundle  of  fibres  connects 
Deiters'  nucleus,  the  nucleus  of  the  third  and  sixth  nerves,  and  the 
anterior  horn  cells  of  the  spinal  cord.  The  fibres  which  pass  into  it 
from  Deiters'  nucleus  bifurcate,  one  branch  passing  upwards  to 
arborise  around  the  colls  mainly  of  the  oculo-motor  nucleus  of  the 
opposite  side ;  the  other  extends  downwards  through  the  bulb  into 
the  cord,  where  they  are  found  in  tho  antoro-lateral  descending  tract 
of  each  side.  They  terminate  by  synapses  around  the  anterior  horn 
cells. 

This  bundle  receives  in  addition  to  the  fibres  from  Deiters'  nucleus,  other  fibres 
from  the  sensory  nucleus  of  the  fifth  nerve,  and  from  large  cells  in  the  reticular  for- 
mation of  mid-bruin,  pons,  and  bulb. 

The  nerves  winch  are  connected  with  the  grey  matter  of  this 
region  of  the  pons  are  the  sixth,  seventh,  and  eighth,  as  shown  in  the 
diagram.     The  nuclei  in  connection  with  the  fifth  nerve  are  higher 
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up,  where  the  floor  of  the  ventricle  ia  again  narrowing.  At  last,  in 
the  region  of  the  mid-brain,  we  once  more  get  a  canal  (Sylvian 
aqueduct)  which  corresponds  to  the  central  canal  of  the  spinal  cord. 

Fifth  and  Sixth  sections  are  taken  through  the  mid-brain,  and 
are  drawn  on  a  smaller  scab'  tliim  the  "there  we  have  been  examin- 
ing ;  they  represent  the  actual  size  of  the  sections  obtained  from  the 
human  subject. 

Near  the  middle  is  the  Sylvian  aqueduct,  with  its  lining  of  ciliated 
epitholium.  In  the  grey  matter  which  surrounds  it  are  large  nerve- 
cells  from  which  the  fourth  norve,  and  higher  up  the  third  nerve, 
originate ;  the  fibres  of  the  third  nervo  are  seen  issuing  from  these  in 
fig.  465,  B.,  IIL  The  reticular  formation  of  the  pons  is  continued  up 
into  tho  mid-brain,  and  is  called  the  tegmentum.  It  is  composed  of 
both  longitudinal  and  transverse  bundles  of  fibres  intermingled  with 
grey  mattor.  Its  transverse  fibres  include  those  of  the  superior 
peduncles  of  the  cerebellum  which  decussate  in  the  middle  line  (fig. 
465,  A.,  S.C.P.).  These  originate  from  the  cells  of  the  dentate  nucleus 
of  the  cerebellum;  after  decussation  they  bifurcate,  tho  ascending 
branches  being  lost  in  the  collection  of  nerve-cells  in  the  tegmentum 
known  as  the  tegmental  or  red  nucleus,  while  the  descending  branches 
turn  downwards  in  the  reticular  formation.  The  axons  from  the  cells 
of  the  red  nucleus  run  downwards  and  form  Monakow's  bundle,  or 
the  prepyramidal  tract  which  we  have  already  seen  in  the  spinal 

Another  important  longitudinal  bundle  in  the  tegmentum  is  tho 
fillet.  This,  wo  have  soon,  is  tho  longitudinal  continuation  of  the 
internal  arcuate  fibres,  which,  starting  from  the  cells  of  the  posterior 
column  nuclei  of  the  opposite  side,  form  tho  second  relay  on  tin; 
sensory  path;  to  these  fibres  others  are  added  which  originate  from 
other  masses  of  grey  matter  in  bulb  and  pons.  In  the  mid-brain  the 
fillet  splits  into  three  bundles,  termed  the  lateral,  the  ujtper,  and  tho 
mesial  jilUt. 

(1)  '  formed  by  fibres  derived  from  the  accessory  audi- 
tory, tile  inferior  olivary,  and  tmpezmil  nueli  i  <>f  the  Opposite  lids  Some  of  Its 
&bre*  ti Tiiiiti/ile   by  synapses  around  a  new  collection  of  evil*  (the  htmdJIUrt 

I  their  axons  MM  inward*  towatdl  tin   r.iplic.     The  rest  of  its  fibres  can  be 
traced  to  the  grey  matter  of  the  inferior  corpora  ijllllllljllHliliiH. 

(2)  Tin  upper  flliM  consists  of  fibres  whii  h  ^o  t<>  the  superior  corpora  quad ri- 
getnina  and  partly  to  the  tegmental  B  fdOD  Of  I  he  mul-braiii  ami  optic  thalamus. 

(3)  Thr  mrjiiti'l/iJI't  goes  on  through  the  tegmentum  of  the  crus  ctfl  brl,  >nd  its 
fibres  terminate  around  the  I  I  ;;-  of  I  '<■   '•]•'  i    tlnUuius,   ">d  the  subthalamic  region. 

L From  here  fresh  a\. in    (bnoJogO  BOW  KaajTOOSflMM  the  alfcrcnt  impulses  to  the 
cortex  Of  the  cerebrum. 
at 
1 


Tho  mesial  fillet  is  the  important  link  to  Hub  region  between 
the  sensory  spinal  nerves  and  the  part  of  the  brain  which  is  the  seat 
of  those  processes  we  call  sensations.  But  most  of  the  fibres  whirl, 
oontmoa  the  sensory  path  of  the  cranial  nerves  form  another  less 
well-defined  tract  {the  central  tract  of  the  sensory  cranial  nerves)  which 
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lies  dorsal  to  the  lillet,  but  terminates  like  it  in  the  subthalamic 
region  and  optic  thalamus,  whence  a  new  relay  carries  on  the 
impulses  to  toe  oortax 

Vontral  to  tho  tegmentum  is  a  layer  of  grey  matter,  i 
the  colls  are  deeply   pigmented  ;  hcnoo  it  is  called    tho  substantia 
nigra  (S.N.).     This  receives  many  collaterals  from   the   pyramidal 
bundles. 

The  white  matter  on  the  vontral  side  of  this  is  known  a 
erusia  (O)  or  pes.     It  ia  here  that  the  pyramidal  bundles  are  situated  ; 


Fin.  lit.    OrtHM  Df  two  Mictions  arrow  the  aiM  bnUn :  A,  through  tki  >fcrlor;  B, 

through  Uit  iuldUv  <tt  Dm  itiptrtor  eorp-jc*  nuaJrljwinlna,  '"■  Hate;  S.N..  aubatauaUt,  I 

— *l»owti  only  oti  one  ni-la;  T,  U«jpn*ntura ;  H.  Sylvian  M|a»laot,  wllh  lU  »mroaniUng  gnnr  m 
I  D.j  UUral  grout-*;  ;>..'..  [.j*l^rior  loagitudliuu  Imii'lle;  d. I'.,  daacoadkig  root  ui 


..  niperior  onr»b«ll«r  podonrU;  r,  lillet ;   111.,  third  nrrve.    The  dotted  ctrcla  in  B  r*  in  rr— ifci 
tho  nituaik'ti  of  th*t*gni«QUl  nuctau.    In  l<  u>-  u.r~.  >ll«'iatnaa  of  tha  eraaU  ar*  tmUc*>t*>l  on  o*» 


■IJs.     Tho  ;>>-nml<UI  llhr**  (/'*)  ar*  la  th.>  ml  Ml",  and  tin  fraato-) 
oertplUI  oer»b*Uar  ( I'. ().«;.)  at  lh*  atrlaa.     <  Aft*r  rvhafer.) 


sWIUr  (F.C.)aod  tatnpofv- 


these  occupy  its  middlo  three-fifths  (Py).  The  mesial  fifth  is  occupied 
by  liljres  passing  from  the  frontal  region  of  the  cerebrum  to  the  pons, 
and  thence,  it  is  believed,  to  the  cerebellum ;  hence  they  are  called 
fronto-cerebellar  fibres.  The  fibres  occupying  the  lateral  fifth  are 
usually  spoken  of  as  tempo ro-occipital  cerebellar  fibres,  but  there  is  no 
cortainty  aa  yet  regarding  their  origin  or  functions. 

Tho  corpora  quadrigemina  are  formed  mainly  of  grey  matter; 
from  each  superior  corpus  a  bundle  of  white  fibres  passes  upwards 
and  fniw.ii  ils  in  tho  geniculate  bodies,  eventually  joining  the  optic 
tract  of  tho  same  side.  The  white  layer  on  the  surface  of  the  grey 
matter  of  the  0  igemina  is  derived  from  the  optic  tract;  these 

til  ires  come  from  tho  retina,  and  terminate  by  arborising  around  tho 
cells  of  the  grey  matter  of  the  C.  quadrigemina 

Tho  cells  of  tho  grey  matter  of  the  corpora  quadrigemina  differ 
greatly  in  form  and  size;  the  destination  of  their  axons  is  not  pre- 
cisely known,  but  some  pass  ventralwards,  cross  at  the  raphe,  and 
constitute  the  fountain  decussation  of  Meynert ;  after  decussation 
they  form  the  main  mass  of  the  ventral  longitudinal  bundle ;  this 
gives  off  collaterals  to  tho  nuclei  of  tho  three  nerves  that  aupply  the 
eye  muscles,  and  then  runs  ventro-laterally  to  the  posterior  longi- 
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tudinal  bundle,  with  which  its  fibres  ultimately  mix  in  the  antero- 
lateral descending  tract  of  the  spinal  cord. 

Seventh  section.— This  is  through  the  cms.  It  is  made  up  of 
crusta  (which  contains  the  motor  fibres),  tegmentum  (which  contains 
the  sensory  fibres,  especially  the  bundle  called  the  mesial  fillet),  nud 
the  substantia  nigra,  tho  grey  matter  which  separates  tin- in 

The  destination  of  one  of  the  spinal  cord  tracts  Vfl  have  not  yel 
mentioned ;  this  is  tho  tract  of  Gowers.  Tliix 
is  continued  up  through  the  vontral  part  of 
the  pons  lateral  to  the  pyramidal  bundles; 
when  it  reaches  the  superior  cerebellar  pe- 
duncles the  main  part  of  the  tract  takes  a 
sharp  backward  turn  and  enters  the  Buddk 
lobe  or  vermis  « »f  tho  cerebellum  by  the  superior 

iicleand  Sttptffot  medullary  velum.    & 
of  the  fibres  of  the  tract  are  continued,  how- 
ever, into  the  corpora  quadrigemina. 


S.N. 


Cr 


Fio.  tM.— Section  taroufc 
cru*  of  twrebrura,  tv, 
.-ni.la:  S.N.,  aubstantU 
nlcrm:  T,  tacnxntam. 


The  Tracts  of  tho  Bulb,  Pons,  and  Mid  Brain. 

In  the  preceding  description  we  have  had  occasion  to  mention 
the  main  tracts  which  are  seen  in  transverse  section.  It  will  turn 
be  convenient  to  summarise  matter*  by  enumerating  them  again  as 
well  as  certain  others  which  are  of  less  importance,  or  concerning 
which  we  know  less.  The  tracts  may  be  divided  into  two  main 
groups,  those  which  are  descending  and  those  which  are  ascending. 

Descending  tracts. — The  principal  descending  tract  is  (a)  the 
pyramidal  tract.  This  has  already  been  sufficiently  doscribed,  so  also 
have  (b)  tho  posterior  and  (c)  the  ventral  longitudinal  bundles.  The 
ng  tracts  are: — 

(<A  Monakvw't  /mw///. — These  fibres  start  from  the  cells  of  the  rod  nucleus. 
cross  the  raphe  In  Ford's  fountain  decussation  ;  they  eventually  puss  into  the  lateral 
JOBS  of  the  cord  as  the  pre  pyramidal  tract. 

M  The  ponlu-tftinnt  lulwl  Iraet  starts  from  the  large  cells  of  the  format io 
reticularis,  and  runs  down  the  lateral  portion  of  this  fill  n  ml  ion  throqgtl  *nd 

bulb.  In  tlicspui.il  cord  the  fibres,  mixed  «  ilh  many  others  of  dim-rent  origin,  lie  in 
ili'  Literal  column  between  the  grey  matter  and  the  tracts  of  Gowers  and  Monakow. 
They  pass  like  tlic  fibres  of  the  posterior  and  ventral  longitudinal  bundles  into  the 
grey  matter  of  the  anterior  BOVBH 

(/)  Th-  rwfi.'.  \fibrtt  arc  similar  in  origin  to  those  of  the  posterior 

longitudinal  bundle  :  with  those  of  the  two  last-mentioned  tracts, 

and  their  destination  is  the  grey  matter  of  the  anterior  horn. 

(</)  Th*  cmiml  true!  <>j  tin  i-,,,,-. „■  , -  ;t  di-Mn  t  hundle  which  lies  in  the 

middle  of  the  reticular  formation',  hut  its  origin  and  dettiOi  ith  uiikini.oi. 

(h)  Other  longitudinal  fibres  of  the  tegmentum  on1  (1)  th efairicmim  Hiliiffuwi. 
which  passes  obli-i  ganglion   of  the   trabwula  (a  collection  of  cells 

near  the  middle  of  the  optic  thalamus  to  the  Interpeduncular  ganglion  of  the  opposite 

(a  collection  of  cells  just  where  the  peduncles  diverge  from  the  transversa  1 
of  the  pons);  (2)  I  .  which  runs  from  the  corpora  mm 

to  end  In  the  tegmentum  :  these  fibres  decussate,  mid  their  intercrossing  together 
.<■  it li  that  of  Monakow 's  bundle  constitutes  the  fountain  decussation  of  Fore). 
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Ascending  Tracts. — The  most  important  of  these  are — (a)  the 
tract  of  the  fillet,  and  (b),  the  central  tract  of  the  cranial  sensory  nervck 
We  must  also  remember  the  fibres  that  connect  the  cord  to  the 
cerebellum  ((c)  dorsal  and  i  rcUHar  tracts),  and  (#) 

tibres  that  pass  into  the  resti/orm  body  (inferior  cerebellar  peduncle) 
from  the  nlivury  body 

'I  In-  tujtrruir  a  originate  from  the  dentate  nucleus  of  U»e 

cerebellum  ;  we  have  nlready  seen  them  converging  to  the  middle  Une  as  they  pass 
upwards.  ■  lating  in  Uie  n  it  the  level  of  the  p  .  «dn- 

gemiim;  they  terminate  in  tin-  red  nucleus  of  thetegn  cross 

they  give  off  branches  which  CajbI  describes  as  form 

tmtfltr.  whuh  gives  off  colLiterHls  to  the  motor   nucleus  of  the   f;fth.  the    nucleus 
of  thfl  seventh,  and  pcr'lftps  tn  the  rmclriis  nmhipnw         (  toe  bundle  nf  fibres  i; 

rebollar  peduncle  starts  from  c .-ils  la  the  optic  thalamus,  and 
impulses  downwards  h)  the  cerebellum. 

Origins  and  Functions  of  the  Cranial  Nerves. 

Having  now  studied  the  internal  construction  of  those  parte,  we 
can  take  up  more  fully  tho  origins  and  functions  of  the  cranial  nerves 

•h  originate  them  Tho  olfactory  nerve  is  connected  to  the 
cerebrum,  and  will  be  considered  with  the  sense  of  smell.  The 
optic  nerve  will  be  studied  with  I  is  ion,  though  it  is,  as  we  have  seen, 
immediately  connected  with  the  mid-brain. 

The  third,  Couth,  and  sixth  nervos  are  wholly  motor,  and  sup 

muscles  of  the  eye.     Gaskoll  discovered  among  the  rootlets  of 
the  third  end  fourth  nerves  the  vestiges  of  a  degenerated  and  function- 
loss  ganglion,  which  indicates  tho  previous  existence  of  a  sensory  p 
tion  of  these  nerves. 

Tho  third  nerve  (motor  oculi)  arises  in  a  group  of  nerve-cell 
the  gray  matter  on  the  Bide  of  the  Sylvian  aqueduct  underneath  the 
superior  corpus  quadrigominuin,  and  close  to  the  middle  line.     The 
anterior  pert  of  this  DUolODJ  is  composed  of  small  cells  from  which 
srn;dl  him  \i:-fibro8  originate  for  tho  ciliary  musclo  and  sphincter 

iris  (intrinsic  muscles  of  the  eyeball).  These  fibres  correspond 
to  the  visceral  fibres  of  a  spinal  nerve,  and,  like  them,  have  a  cell 
station,  namely,  in  the  ciliary  ganglion.  The  posterior  part  of  the 
nucleus  ia  composed  of  larger  cells,  and  these  give  rise  to  larger  fibres 

eh  supply  the  following  extrinsic  eyt  -superior  rectus, 

inferior  rectus,  internal  reotua,  inferior  oblique  end  levator  palpebral 

Tho  fourth  nerve  (trochlear)  takes  origin  from  the  gre) 
immediately  below  the  centre  of  the  third]  I  a  lateral 

in  position.  It  is  situated  underneath  the  inferior  corpus  quadri- 
geminum.  It  supplies  the  superior  oblique  muscle  of  the  opposite 
eyeball 

The   sixth    uorvo  (alducens)  arises  from  a  centra  beneath 
emfnentia  tores  in  tho  U]  I  t  of  the  lloor  of  the  fourth  v 

Idle  lino.     It  supplies  the  external  rectus. 


en.  xuv  ]  the  Firrn  akd  seventh  ki 


It   is   obviously   nocossary   that    th<  IflB    should    work 

together  harmoniously,  that  the  two  eyeballs  should  also  bo  movod 
simultaneously  and  in  corresponding  directions,  and  that  m 
raents  should  take  place  in  accordance  with  the  necessities  of  vision. 
ThiB  is  provided  for  in  the  shape  of  association  fibres  which  link  the 
centres  of  the  oye-musclcs  togcthor.  The  principal  association  tracts 
are  the  posterior  longitudinal  bundle,  which  connects  tho  nuclei  of 
the  third  and  sixth  nerves,  and  the  ventral  longitudinal  bundle 
which  unites  the  optic  nerves  through  the  intermediation  of  tho  colls 
of  the  C.  quadrigemina,  with  the  nuclei  of  all  those  nerves.  It  should 
also  be  remembered  that  all  the  fibres  of  the  fourth,  and  some  of 
those  of  the  third  nerve  decussate,  in  the  middle  line. 

Tho  fifth  nervo  (trigeminal)  is  a  mixed  nerve ;  it  loaves  tho  side  of 
the  pons  in  a  smaller  motor,  and  a  larger  sensory  di  Tho 

former  supplies  the  muscles  of  mastication,  the  tensors  of  the  palate 
and  tympanum,  tho  mylo-hyoid,  and  the  anterior  belly  "i  tho 
digastric;  the  sensory  division  has  upon  it  a  ganglion  called  the 
Gaaserian  ganglion;  it  is  the  great  sensory  nerve  of  the  face  and 
head.  The  motor  fibres  arise  from  the  motor  nucleus  (Vm,  fig.  459), 
which  lies  at  the  lateral  odgo  of  tho  upper  part  of  the  floor  of  tho 
fourth  vontriclo,  but  a  certain  number  of  its  fibres  ariso  from  colls 
in  tho  lowor  part  of  tho  mid-brain  and  upper  part  of  tho  pons; 
this  long  stretch  of  nerve-colls,  indicated  by  tho  long  blue  tail  in  tho 
diagram,  is  called  the  accessory  or  superior  motor  nucleus  of  tho  fifth. 
The  sensory  fibres  arise  from  the  cells  of  tho  fJasserian  ganglion, 
which  resemble  in  structure  those  of  a  spinal  ganglion ;  one  branch 
of  each  passes  to  the  periphery  in  the  skin  of  the  head  and  face,  and 
tho  othor  grows  contralwards ;  on  reaching  tho  pons  those  bifurcate, 
tin'  ascending  branches  arborise  around  tho  principal  sensory  nucleus 
of  tho  fifth  (Vrf,  fig.  4  h  lios  just  lateral  to  tho  motor  nucleus, 

whilo  tho  descending  branches  pass  down  into  tho  bulb,  whore  thoy 
form  the  descending  root  of  the  fifth,  and  some  roach  as  far  down 
in  the  spinal  cord  as  the  second  cervical  nerva  Mingled  with  these 
descending  fibres  are  numerous  nerve-cells,  many  of  which  are  grouped 
in  clusters  (islands  of  Calleja),  and  tho  descending  fibres  form  synapsos 
around  them.  Tho  new  axons  arising  from  the  cells  of  tho  sensory 
nuclei  pass  upwards  in  threo  principal  tracts:— (1)  The  greater 
•r  cross  tho  raphe  and  join  tho  mesial  fillet;  (2)  some  ascend 
the  fillet  of  the  same  side ;  and  (3)  others  pass  into  a  special  ascending 
bundle  which  lies  near  the  ventricular  floor  (the  central  tract  of  tho 
cranial  sensory  nerves). 

Tho  seventh  nervo  {facial)  is  tho  great  motor  uerve  of  the  faco 
muscles.     It  also  supplies  the  pl.r  lio  stapedius  stylo-hyoid. 

and  posterior  belly  of  tho  digastric.  "When  it  is  paralysod,  the 
muscles  of  tho  face  being  all  powerless,  tho  countenance  acquires  on 
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the  paralysed  side  a  characteristic,  vacant  look,  from  the  absence  of  all 
expression :  the  angle  of  the  mouth  is  lower,  and  the  paralysed  half 
of  the  inuui:  tliut  on  the  other  tide;  the  eye  has 

an  unmeaning  stare,  '  i  the  paralysis  of  tb  .'l.-iris  palpe- 

brarum All  these  peculiarities  are  exaggerated  when  at  any  tune 
the  muscles  of  the  opposite  side  of  the  face  are  made  active  in  any 
expression,  or  in  any  of  their  ordinary  functions.  In  an  attempt  to 
blow  or  whistle,  one  side  of  the  mouth  and  cheeks  acts  properly,  bat 
the  other  side  is  motionless,  or  flaps  loosely  at  the  impulse  of  the 
expired  air;  so,  in  trying  to  suck,  one  side  nnly  of  the  mouth  acts; 
in  feeding,  the  lips  and  cheek  are  powerless,  and  on  account  of 
paralysis  of  the  buccinator  muscle,  food  lodges  between  the  cheek 
and  gums. 

Tho  motor  libres  originate  from  a  nucleus  in  the  ventricular  floor 
below  that  of  the  fifth  and  to  the  outer  side  of  that  of  the  sixth 
nerve.  As  they  curve  ovor  the  nucleus  of  the  sixth,  they  give  oflf  a 
llo  of  fine  fit  •res  which  cross  the  rapho,  but  their  destination  is 
unknown.  The  facial  nucleus  receives  collaterals  from  the  sensory 
tracts  in  the  reticular  formation. 

The  seventh  nerve,  however,  is  not  wholly  motor.  The  geniculate 
ganglion  on  it  is  of  spinal  type ;  the  fibres  which  arise  from  it  pass 
centrally  into  ihe  para  intermedia  of  Wrisberg,  which  enters  the  pons 
between  the  seventh  and  eighth  nerves ;  these,  like  other  sensory  fibres, 
divide  into  ascending  and  descending  branches;  the  latter  have  been 
traced  down  to  the  sensory  nucleus  of  the  glosso-pharyngeal  nerve. 
35*  i  ■  tpheral  branches  of  tho  geniculate  ganglion  cells  pass  into  the 
largo  8U|)erficial  petrosal  and  chorda  tympani,  tho  gustatory  fibres  of 
win  probably  furnish.     The  origin  of  the  secretory  fibres  of 

the  i  ympani  is  still  a  matter  of  uncertainty. 

Tho  eighth  nerve  (auditory)  runs  into  the  binder  margin  of  the 

I  by  two  roots.  Une  winds  round  the  restiform  body  dorsal  to 
it,  and  it  knoWB  aj  the  dorsal  OP  cochlear  division ;  the  other  passes 
vniiiro-mosiallv  OB  tlit.i  other  side  oi  the  n-.st.ifnrui  body,  and  is  known 
as  the  vrn'rid  Of  vestibular  division. 

We  will  take  these  two  parts  separately.  The  fibres  of  the 
cochlear  nerve  take  origin  from  the  bipolar  nerve-cells  of  the  spiral 
ganglion  of  the  cochlea;  tho  peripheral  axons  ramify  among  the 
hair  cells  of  the  organ  of  Corti,  and  the  central  axons  pass  towards 
the  pons ;  as  they  onter  they  bifurcate,  and  some  pass  to  and  arborise 
around  a  collection  oi  nerve-colls  situated  lietweon  the  two  roots  and 
the  restiform  body,  called  tho  accessory  auditory  nucleus;  the  remain- 
ing fibres  terminate  similarly  in  a  collection  of  colls  in  the  grey  matter 
overlying  the  restiform  body,  and  extending  into  the  ventricular 
tloor  in  its  widest  part.  This  is  called  the  ganglion  of  the  root,  and 
mass  of  grey  matter  is  termed  the  acoustic  tubercle.     The  auditory 
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path  is  continued  by  new  axons  thai  arise  from  t huso  cells.     Those 
-.he  BOC6680TJ  QUI  lOX  the  l 

to  the  superior  olive  and  trapezoid  Buoleua  of  the  same  side,  but 
mainly  to  the  correspond  in^  nm-lei  of  the  opposite  side ;  some 
en. I  here,  others  traverse  tl  :.  and  merely  give  otl  ils  to 

them  ;  they  then  turn  upwards  in  the  lateral  fillet,  and  so  reach  the 
inferior  QL  «|iudrigemina.  The  fibres  which  arise  in  the  acoustic 
tubercle  pass  superficially  over  the  tloor  of  the  ventricle,  forming  the 
stria  acouslica ;  fatting  lossed  the  raphe,  they  join  the  fibres  from  the 
accessory  nucleus  in  their  course  to  the  superior  olive  and  Bllel 
Here  again,  however,  a  few  fibres  pass  to  the  fillet  of  the  same  side. 


NMCS  lOHUCl  UMNiSCI 

AC0*PO«A  QUAOItlGCMISA 


M 


NERVE-ENDINGS 

IN  ORGAN  OF  CORTI 

Fio.  4«7.— Cochlear  root  of  Hie  auditory  nerrt.    r,  rwUform  body ;    Y,  d«ara*4lng  tyai  of  \t>*  afMi 
nam;  l*b.  «.,  w.vu.Uc  tut-  |  .  uccaauty  PBClfH  !  :v..  iiipertM  oUr»;   a.lr.,  trapMoM 

nadaai;  m.F/.,  uuvtauuf  lhaHit*  nanra;  F/.,  hanlng  Born  of  >lxtli  r.rrrr.    (""ch.ifer.) 

The  vestibular  nerve  arises  from  the  bipolar  cells  of  the  ganglion 
tqni  in  tho  internal  ear.     The  peripheral  axons  ramify  among 
the  hair  cells  of  the  epithelium  in  the  Stride,  saccule,  and  seini- 
oiTeular  canals.    The  oentarel  axons  enter  a  collection  of  small  nervo- 
'011  the  D  body  and  the  descending  the  fifth; 

this  is  termed  the  principal  nucleus;  hero  they  bifurcate;  tbo 
,ii -si -ending  branehea  run  towards  the  lofrat  pact  of  the  bulb,  and 
arborise  around  the  oeHfl  of  the  neighbouring  grey  matter  {descending 
vestibular  nucleus).    The  aseendii  riches   pass  upwards  in  the 

restiform  body  to  the  cereUillum,  in  the!]  OOUTOf!  giving  off  many 
collaterals  which  form  synapses  with  the  large  cells  of  two  nuclei 
near  the  outer  angle  of  tho  ventricular  tloor,  and  known  as  the 
nucleus  of  Deilers  and  nucleus  of  Bechlerew  respectively.     The  fibres 
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which  arise  froni  Deiters'  nucleus  pass  into  the  posterior  longitudinal 
bundles  of  both  sides  (seo  p.  636) ;  those  which  start  in  BechtermJt 
nucleus  become  longitudinal,  but  their  destination  is  uncertain. 


TO  VERMIS 


TO   HEMISPHERC 


FIBRES    OP 

VESTIBULAR 

ROOT 


NERVE      -v^MfCANCLION  OF 
ENDINGS      y/f  SCARPA 


IN  MACULE 
•.AMPULUC 


Pm.  4'W.— Vestibular  root  of  the  auditory  urxve:  r,  n-stiform  body;  V,  descending  root  of  th*  fifth 
nervo ;  d,  lil.ro*  of  desciidlnn  vestibular  niot ;  n.  it.,  cell  of  d»«vndlng  vestibular  nuclmu ;  D, nnctana 
of  Delt* rs ;  It,  nucleus  of  Hechterew:  *.  I .,  nucl.-nii  tectl  of  ceretwUniii :  p.  I.  h.,  posterior  lotigttadinaJ 
bundle.    ($oh;ifer.) 

The  accompanying  diagrams  (iigs.  467  and  468)  will  servo  to  render 
those  complex  relationships  clearer. 

The  ninth  nervo  (glosso-pharyngeaT)  gives  filaments  through  its 
tympanic  branch  (Jacobsen's  nerve)  to  the  fenestra  ovalis  and 
fenestra  rotunda,  and  the  Eustachian  tubo,  parts  of  the  middle  ear ; 
also,  to  the  carotid  plexus,  and  through  the  great  superficial  petrosal 
nerve,  to  the  spheno-palatine  (Meckel's)  ganglion.  The  small 
superficial  potrosal  (Jacobsen's  nerve)  passes  to  the  otic  ganglion, 
and  thus  controls  the  parotid  secretion.  The  carotid  plexus  may 
also  connect  the  nerve  with  the  spheno-palatine  ganglion.  Connections 
aro  also  made  with  the  sympathetic  plexus  on  the  great  meningeal 
artery  by  the  external  superficial  potrosal.  This  is  important,  as 
another  possible  connecting  link  lietweon  the  glosso-pharyngeal  and 
the  otic  ganglion  is  thus  provided.  After  communicating,  either 
within  or  without  tho  cranium,  with  the  vagus,  it  leaves  the  cranium, 
divides  into  the  two  principal  divisions  indicated  by  its  name,  and 
supplies  the  mucous  membrane  of  the  posterior  and  lateral  walls  of 
the  upper  part  of  the  pharynx,  the  Eustachian  tube,  the  arches  of 
the  palate,  tho  tonsils  and  their  mucous  membrane,  and  the  tongue 
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as  far  forwards  as  the  foramen  OBBum  in  th«  middle  line,  and  to  near 
the  tip  at  the  sides  and  inferior  part. 

It  contains  motor  fibres  to  the  stylo-pharyngeus,  middle  con- 
strictor of  pharynx,  and  crico-thyroid  muscles,  and  probably  to  the 
levator  palati  and  othor  musclos  of  the  palate,  excopt  t.lio  tensor, 
which  is  suppUed  by  the  fifth  norvo,  and  the  ot:  ' rictors  of 

the  pharynx,  which  are  supplied  from  the  nucleus  ambiguus  by  cranial 
rootlets  of  both  ninth  and  tenth  nerves.  The  nerve  also  contains 
fibres  concerned  in  common  sensation,  and  the  sense  of  taste,  and 
secretory  fibres  for  tho  parotid  gland.  Whether  the  secretory  fibres 
in  the  chorda  tympani  which  pass  to  the  submaxillary  and  sublingual 
glands  originate  from  the  seventh  or  ninth  nerves  is  still  uncertain. 

Tho  colls  from  which  tho  motor  fibres  originate  aro  situated  in  a 
special  nucleus,  which  is  a  continuation  upwards  of  the  nucleus 
ambiguus  (the  chief  motor  nucleus  of  the  tenth  or  vagus  nerve).  The 
sensory  fibres  arise  in  the  jugular  and  petrosal  ganglia  from  cells  of 
tho  spinal  ganglion  type.  When  the  central  axons  reach  tho  bulb 
they  bifurcate  as  usual;  the  descending  branches  pass  down  the 
funiculus  solitarius   and  o   in    synapses   around    tho    cells 

scattered  among  its  fibres.  Tho  ascending  bnuMha  DAM  almost 
horizon  tally  to  arborise  around  the  colls  ol  the  principal  nucleus 
(TX  in  lig.  459).  The  arrangement,  in  hot*  10  WBJ  111- «  that  of  tho 
tenth  nerve  now  to  lie  descrit>ed. 

The  tenth  nerve  {cagus  or  pneumo-gastric)  has  so  many  and 
important  functions  that  1  shall  not  attempt  to  describe  them  here; 
it  would  mean  rewriting  a  great  doal  of  what  wo  have  already  learnt 
in  connection  with  heart,  respiration,  digestion,  otc.  It  is  sulliciont 
to  say  that  it  contains  l»oth  onunsnt  and  afferent  fibres.  The  efferent 
fibres  aro  partly  from  the  opp  ■  :"  tho  combined  nucleus,  which 

lower  down  gives  origin  to  the  spinal  accessory  nerve  (fig.  4. 
l-ut  mainly  from  the  nucleus  ambiguus,  the  position  of  wh 
shown  in  fig.  451),  coloured  blue,  and  also  in  transverse  sectiou  in  lig. 
46.5.  The  afferent  fibres  originate  from  the  cells  of  the  ganglion  of 
the  trunk  and  of  tho  root ;  they  enter  the  bulb  and  bifurcate ;  the 
ascondiug  branches  aro  short  and  arborise  arouud  the  cells  of  the 
principal  nucleus  (X  iu  lig.  459  Qg  fibres,  together  with 

similar  ones  derive1,  from  tin  haryngeal  nerve,  pass  down  in 

the  descending  root  Of  vagus  and  glosso-i>li;  which  is  also 

known  as  i\w  funiculus  solitarius.     These  fibres  terminate  by 
ising  around  the  cells  of  the  grey  matter  that  lies  along  its  D 
border  {descending  nucleus  of  n  This 

nucleus  approaches  tho  middle  lino  as  it  descends,  and  finally 
joins  that  of  the  opposite  side  over  the  central  caual  {commissural 
nucleus). 

The  eleventh  nerve  (spinal  accessory)  is  it  arises 


i 
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by  two  distinct  origins     urn.-  from  a  centre  in  the  floor  ol  tin 

■  ■■,  and  connected  with  the  glosso-pharyngeal- vague-nucleus: 
the  other,  from  the  outer  side  of  the  anterior  cornu  of  the  spinal  a 
as  low  down  as  the  fourth  cervical  nerve.    The  fibres  from    I 
origins  come  together  at  the  jugular  foramen,  but  separate  again  into 


1         ••*.— Th#  tenili  and  twelfth  norvee.    pf.  pyraaiM  J  K.X  ana  of  liypoclwual ;  XII.,  Dbra  of 

nypnici'»«ai  \  'i.»  . 

ainWijuu*:  fa.,  faaricului  aollUrlua,  'Jeaoanliiitf  Dltt»  uf  v«+£U6  mu-1  aloMO-iitaaryuireal;  fa. 
nucl«i»:  X.,  motor  ill. re  of  vacua:  g,  ganglion  call  in  va^ui  tnink  artog  n»  lo  •  aetuory  nbw: 
4.V.,  iJoKoidlng  tool  of  Uie  UflU  nerro ;  r,  raatifunii  twly.    (Srhafer.) 

I-.vn  branches,  outer  and  inner.  The  Outer,  COnsistUlg  "f  large 
meduBftted  fibres  from  the  spinal  origia,  supplies  the  trapezius  and 

sterno-mastoid  umselos.  The  inner  branch,  consisting  of  small 
mi-.ilullated  filires  from  the  medulla,  supplies  chiefly  viscero-mori  <r 
lilaments  to  the  vagus.  The  muscles  of  the  larynx,  all  of  which  am 
supplied  by  branches  of  the  vagus,  derive  thei  nerves  from  the 

accessory ;  and  (which  is  a  v  'k  states  that  in 

obil&pansee  the  interna]  branch  of  the  accessory  does  not  join  the 
vagus  at  all,  but  B068  direct  to  the  larynx.     The  crico-thyruid,  how- 
ever, receives   fibres  which   leave   the    bulb    by   glosso-pharyn. 
rootlets;    whether    it    receives   spinal  accessory    fibres  as   well    is 
uncertain. 

The  twelfth  nerve  (hypoglossal)  is  al  ly  efferent.     It  ar 

from  a  large  celled  and  long  nucleus  in  the  bulb,  close  to  the  middle 
line,  inside  the  combined  nucleus  of  the  ninth,  tenth,  ami  eleventh 
nerves.  It  receives  numerous  collaterals  from  adjacent  sensory 
tracts,  and  from  the  descending  nuclei  of  the  fifth,  ninth,  and  tenth 
nerves,  and  from  tlm  posterior  longitudinal  bundle.  Fibres  from  this 
urn leus  run  from  the  ventral  surface  through  the  reticular  formation 
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in  a  aeries  of  bundles,  and  emerge  from  a  groove  between  the  anterior 
pyramid  and  olivary  body.  It  is  the  motor  nerve  to  the  muscles  of 
the  tongue  (styloglossus,  hyo-glossus,  genio-hyo-glossus,  and  lingu- 
ales).  The  branches  of  this  nerve  to  the  genio-hyoid,  thyro-hyoid, 
sterno-thyroid,  sternohyoid,  and  omo-hyoid  are  branches  of  the  first, 
second,  and  third  cervical  nerves  carried  down  in  its  sheath  and 
slipped  off  at  various  points  as  descendens  (hypoglossi)  cervicis. 


Km.  470.— Carabellurn  In  aartiun  ami  fourth  vanirkia,  with  the  neiahbourini;  t*ru.    1.  median 
•h  vantricle,  anding  balow  in  the  caUtmus  tcHpt*ri*t.  with  the  lomritu-linal  trutnoacaa  ! 
by  iho  fatcienh  ttrrlu,  ana  on  a&cb  ■]>)•;  2,  tit*  um«  btojvi,  at  ths  pUoe  when  tfca  white  atrcath* 

,.f  th«  vantriclo ;  3,  tfttorVT  poluncta  of  tha 
!:«;  a»-.>p  IhU  uUl«  ralaini..- 
Uiriii* :  8,  «uparv>r  nartunclfl  of  ctnlnllum  :  0.  «..  filial  tn  tha  «iiU)  of  tlia  i-mra  rafabri:  T.  7.  Uuirsl 
ffroovaa  of  tha  crura   caraltfi ;   8,   oorj».ir .  (from    Kappay  alter   Hlrarhft! 

Lev  I 

Using  external,  like  that  of   the  cerebrum,  and  like  it,  infolded,  so 
that  a  larger  area  may  be  contained  in  a  given  space,    Tl  <.lu- 

tinus  of   the   grey   matter,   however,  are  arranged  after  a  different 
pattern  as  shown  in  fig   170      Phe  tree-like  arrangement  of  the  while 
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matter  .has  given  rise  to  the  name  arbor  vita.  Besides  the  grey 
substance  on  the  surface,  there  are,  in  the  cencro  of  the  white  sub- 
stance of  each  hemisphere,  small  masses  of  grey  matter,  the  largest  of 
which,  called  the  corpus  intai  •■■  171.  cd),  rosembles  very  closely 

the  corpus  dentaium  of  tho  olivary  body  of  the  medulla  oblongata  in 
appearance. 

If  a  section  is  taken  through  the  cortical  portion  of  the  cere- 
I  tell  urn,  the  following  distinct  layers  can  be  seen  (tig.  472)  by  t 
scopic  examination. 

Underneath  the  pia  mater  is  the  external  layer  of  grey  matter ;  it 
is  formod  chiefly  of  hue  nerve-fibres  with  small  nerve-cells  scattered 
through  it.  Into  its  outer  part,  processes  of  pia  mater  pass  verti- 
cally; these  convey  blood-vessels.  There  are  also  here  numerous 
long  tapering  neuroglia-cells.    The  internal  or  yraaular  layer  of  grey 


Klo.  471.— Outline  nUtcb  of  a  mcUod  of  tlie  cerebellum.  »how»u  the  eorpua  teutum.    Tha  •nrttort 
Imu  temcarrM  tin  left  l»l«r»l  i»»rt  of  the  \- •«*,*■**  U>  >1l<Hila  Km  enpertur  pviuacW  awl 

(hm*  unrl}  U»wuk1i  tbe  ml'MU  jf  Lb*  loft  cerebellar  bcuitaplwrf.     Ta»  olivary  luiy  baa  aiao  bmu 
d|yil»l  lulii.it ii .llnnliy  »o  u  t<i  citic«  in  aecUon  iU  t»rj<%*  .f.«i  ir*-..     er  rrua  cntmln 
corpora  i|u»'lrUwniiij»;  «  p.  •upccior  peduncle  of  the  cereUrl  la  |.*iurx:U  or 

lateral  juri  of  Die  j..m»  Varulu,  » tth  librea  imuhh 

of  Hie  white  item  r*lUUii^  toward  tlie  uW  •  •■  lUtum;  o,  olivary 

Urly  with  Ita  corpus  ilenUUira  ;  p,  pyramid.    (Allan  Thomson.)     J. 


mattor  is  made  up  of  a  large  number  of  small  nerve-cells  mixed  with 
a  few  larger  ones,  and  some  neuroglia -cells.  Between  the  two  layers 
in  an  incomplete  sti B  large  ilusk -shaped  cells, called  the  cells  of 

Icinje.  Eacbb  «-f  these  gives  ufT  from  its  liaso  a  fine  process  which 
becomes  the  axis-cylinder  oi  one  of  the  medulla  ted  fibres  of  tho  white 
matter;  the  neck  of  the  flask  pat  dhe  opposite  direction  breaks 

up  into  dendrites  which  pass  into  llie  external  layer  of  grey  matter. 

GrtllgFl  method  (fig,  473]  these  dendrons  have  been  bIiowii  to 
.spr.vi.l  nut  in  planes  transverse  to  the  direction  of  the  lamella-  of  tho 
organ. 

Each  cell  of  Puikinje  is  fin  rested  by  arborisations  of  two 

sets  of  nerve-fibres.     Ono  of  these  (originating  from  tils         B  of  the 
white  matter  which  are  not  continuous  as  axis-cylinders  from  the 
cells  of  Purkinjo)  forms  a  basket-work  round  the  dendrons ;  the 
originating  as  axis-cylinder  processes  from  tho  nerve-'  lis  i.f   the 
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possessing  hunches  of    short   branches  at  intervals   {moss-hlrea  of 

i     -h. 

The  peduncles  of  the  n  t.  U  11  ■  mi  are  Ihr.  <    in  number— superior,  middle,  and 
inferior  ;    wc  have  air  i  rition  them  in  our  study  of  tin   I  ml  ■'. 

pons,  mid  mid-bruin       I  fu    QOtim    od   the  lihres  hai  !  >.:•!   bl  tin-  degenera- 

i  shod.     The  tuptrwr  peduncle  consists  mainly  of  fibw  which  originate  in 
I  he  UOrpui  dculatuin  '-res  arc  said  to  arise  in  tin*  a  -rein-liar  hemisphere, 

mid  to  pan  through  the  corpus  dentatum  without  BOTnmHnicsHfifj  with  its  cells 
Bbttl  cross  the  r.ipli'  ID.  Ur-  mid-brain,  and  tcniunule  in  the  red  or  tegmental 
nucleus.  'Die  direction  or  the  impulses  in  these  fibres  is  from  cerebellum  to 
e.rrbruin.  the  red  nucleus  being  a  <ell  station  on  the  road.  There  appear,  however. 
to  be  some  fibres  starting  from  tin-  optic  thalamus  which  comey  impulses  in  the 
opposite  direction.     In  addition  to  these  there  is  Caj  liny  errtb*llnr  humlU. 

I. 


'.''•J  ' 
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-Mertton  or  eantolUr  eort»«,  «uum>i  »>v  Uoiglt  b.«Ui->i  ;  i.  uk«n  aeraat  itot  lamln* -.  n.  hi 
U."  ii>.''.!'  h  (  Die  Umlii».  a,  uutar  ur  lunlccalar  layer;  h.  imwr  or  manular Uyir ;  0,  white 
matter.     «,  <  I  all  wlh  of  Inner  layer;  e,  rleo.lrona  of  tb«»»  c*]l»;  ./,  att»- 

3llo-Ier  (>roc«n  of  una  of  Hum  cell*  tocumtog  loiultinlinal  In  tbt  outer  layer ;  r,  bifurcation  uf  our 
that* ;  f,  a  similar  call  lying  in  Ibe  white  matter.    (Ramon  y  Cajal.) 

s  of  branches  which  lit  given  Off  bv  tin   fibres  before  tbt]  cross  al  tlir 
raphe  ;  they  piss  towards  the  bulb,  pi  Dluterab  to  tin-  notoi  nurlciis  ot  the 

lil'lli  mrw,  to  the  facial  nueleiis.  lo  the  nucleus  amhiguus,  and  others.     One  must 
not  forget  tlmt  besides  all  tin  se  fibres  that  the  tract  of  otol  the  superior 

I'.cliiiH'lr,  and  runs  hack  along  its  mesi.il  bonier  to  the  v« -rm 

The  a, a. ii.  p.  dunci  i  oruuati  of  Sbiea  which  (barn  the  interior  transverse  U 
of  the  pons.     Tlir\    pass   from  the  nuclei  ponti-  to  the  op|>ositc  cerebellar  hemi- 
Others  convey  impulses  in  the  opposite  direction  fn  m  the  In -mi.sphere  to 
the  pons  :  on  section,  these  fibres  degenerate  as  fax  as  the  raphe,  where  they  Inter- 
mingle with  those  from  the  opposite 

I  In   ii,t.,i.ii-  pedum-h  or  lettUblHI  ■  -  <1  of  ascending  iilms.  \>  bJch 

pail  into  it  from  the  direct  cerebellar  tract,  from  both  olivary  nin  E  i.  bot  mainly 
from  thut  ol  the  opposite  side,  from  tin-  nu ■  -I.  u-   gracilis  mid  nucleus  euneatus,  and 

from  the  DoddoruM  vamat}  terres.    The  fibres  pass  mostly 

to  the  vermis,  crossing  to  the  Opposite  side  over  the  fourth  ventrnle.  lint  giving  off 
strong  colhteruK  to  the  cerebellar  hemisphere  of  U  Me;  t  li.-sr  jiecnnnt  for 

the  facttliat  each  cerebellar  hemisphere  is  in  principal  physiological  connection  with 
the  same  .side  of  the  spinal  cord. 


The  cerebrum  consists    of    two    halves   called    cerebral  hemispheres, 
separated  by  a  deep  longiludilli]  fissuro  and  connected  by  a  large 


tear  of  U»  Corvoa  CaUuiuin  i  -i 

bMii  fully  •«paud  by  n»v*r»U:ig  tlt«  narabrml  htmufttnmi  wia  UhxiwHm:  tfe«ai  I 

■  '*tu»  tiu  Ikjcti'  •  dim  niT»«  ol  iuo  cu-pat  calliwnni  tra 

■  in  lulu  Uui  rerrural  medullary  mUsUkik  ..'  Um  enryaa 

irrow  or  i*j.!i»;  S. 

Ibe  c«rebru:i 
:  ;,  interior,  anil  - 
I  ti«  o.ir|>a»  i  i  10,  auterioi 

- 1.  .11 »  ,,f  :\,a 

|.aneL*l  lobe  ;  18,  uj'per  *urf*co  of  tha  oeruUlluta.    (S*j>|wy  nfvr  To*  iUt.) 

t»and  of  transverse  commissural  fibres  known  as  the-  corpus  calhsum. 
(tig.  -174).     The  interior  of  each  b  ins  a  cavity 


Ml.  XL7LJ 


CEREBRAL   IIKMISPIIFKRS 


plicated  shape  called  the  latrral  r/  |  ho  later  ioldfl  ojion 

into  the  third  ventricle.     1  a  ilissortod  hrain  in  which 

the  corpus  callosum   has   hoen  removed ;   tho   ventricles  are   lluis 
exposed. 

Each  hemisphere  is  covered  with  grey  matter,  which  passes  down 


v'th  the 
nunvuifliuK  \.-xiim.     k.  ''■',  tha 

mrjins  striatum  nf  left  iJ'le,  tllkafrtnl  iri  »i  la  flKjmeie  IU  glwjr  milwt*ncw;  e,  nutaU  liy  ■  Sine  to  Ui* 
lm.iia.wni.  '!l»r»  of  fornix  <llvi-I*I;  tulow  Ui*v  ar*  ami 

ilaamidlaK  in  front  of  tbv  llur:  -■  ciiiriclc,  iml  l*t«*"n  Uirni  l»  aaan  part  of  the  anteri*  etenraU- 
aura;  tn  front  of  the  letter  r   la  rrn  thn  allt-lika  fifth  veatriole,  brtwam  th*  two  lamina-  of  tha 

o  ooiml««iir-  'bo  posterior  part  of  Um 

rantricle ;  inun»ltat«tj-  hrhin-1  tha  Utv-r  ara  tha  poataelor  coraBikewr?  ( turt  rklulc)  and  th«  pineal 
clanl.  Um  t«'i  •  «i  >  ■  P  -  lm-h  axVn-1  fcrwanb  along  tha  lunar  ami  uppax  mi  h«  optic 

lualami ;  k  ami  i,  tha  corpora  qoa-lrtcemlM :  *,  sanarlor  enw  of  ctaUIIum  ;  closa  to  fc  la  the  vajro 

Irani,  which  haa  taen  illvldart  *>  aa  to  ri\*tm  tho  lnorth  ventrt 
awl  pmunpu  minor :  a,  «nln*iitU  odlatanula ; 

;  p,  [NMtrrii.r  aurfara  r.f  nie.lull»<ihloiir»U :  ',  aactlnnnf  rarahnlluiu  :  *,  upp»rj*rt 

•   part  frf  tlie  poattrv*  «-en<l.ral  lob*. 
i     Ufalllr.) 

into   tin'    flganraa     This   suii.ico  grey   mutter   is  calK'  cbral 

eortcc.  Tho  amount  of  this  grey  matter  varies  ilm-i-rly  with  tho 
amount  of  convolution  "f  tlie  surface  Undor  it  white  matter  is 
;-•; ;.-.  i.Lt.od ;  and  .it  the  Iwse  there  are  masses  of  grey  matter:  part  of 
those  basal  ganglia  are  seen  forming  part  of  the  wall  of  the  ventricles. 
The  anterior  basal  ganglion   is  called   the  corpus  striatum;  it  is 
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divided  into  two  parts  called  the  lenticular  or  i 

the  caudate  or  intraventricular  nucleus.  It  has  received  the 
latter  name  l)ecause  it  is  seen  in  the  interior  of  the  ventricle.  The 
posterior  basal  ganglion  is  called  the  optic  thalamus. 

Passing  up  between  the  basal  ganglia  are  the  white  fibree  vt 
enter  the  cerebral  hemisphere  from  the  eras;  these  ooi 
internal  capsule.     This  passes  in  front  between  the  two  subdivisions 
of  the  corpus  striatum,  and  behind  between  the  optic  thalamus 
the  lenticular  nucleus  of  the  corpus  striatum. 

The  relationship  of  these  parts  is  best  seen  in  a  vertical  section  ; 
such  is  in  represented  in  the  next  diagram  (Hg.  476). 

°»-      ^ 

Mm      i-v 


(M 


<±i 


\  i.i. 


<*t 
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Pic.  47*.— Vertical  aecliim  tli;  laaal  panttlU  lo  nbu»  Um  relation*  of  Om  Uu*r. 

■  •  ret.iiil  conroluMorm:   <  t 
Ida  ;  ».<..  uu'iate  DOClatn :  Ik, optic  Ui«!  «nui«  ;  •.  .  trial  •  *]«u!r  ; 

.,  exlrroal  rapunla ;  ■,  eia\m%  nmniiiiilUrf,  I.e.,  ojuUe  tract ;  i.i.f.,  »tna  • 
amygdalj*;  en,  aofteoii  .,  Uland  of  Hell.     (Schwalbe.) 

One  hemisphere  is  seen,  with  portions  of  the  other.    The  surface 
darkly  shaded  indicates  the  grey  matter  L-f  tl  x,  which 

down  into  tho  fissures;  one  Lve  set  of  convolution! 

passes  deeply  iniu  the  substance  vf  the  hemisphere;  t!  iDed 

the  Island  of  Reil;  the  lowest  stratum  of  erey  matte]   is  scpan 
from  i  In    to  form  a  narrow  isolated  strip  of  groy  matter  called  the 
clauslruin.  (ri ).     In   the  middle  Hue  from  above  di'\vn  are  seen   the 
great  kmmtnainal  Beam        I  nding  as  far  as  {ex.)  the  corpus  callosum, 
the  band  of  white  matter  that  fi  At  commissure  W  tween 

the  two  hemispheres;  beneath  tins  are  the  lateral  ventricles  whi 
communicate  by  tho  foramen  of  .\fu.nro  with  the  third  ventricle:  thr, 
fornix  is  indicated  by  the  letter/-     Contributing  to  the  floor  of  the 
lateral  ventricle,  one  next  Bees  the  optic  thalamus  (tfi.),  and  tho  tail 
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end  of  the  nucleus  caudatus  (?)     |  section  1  icing  La!, 

posteriorly.    The  nucleus  lenticularis  is  markoi  A  the  band  of 

white  fibres  passing  up  between   it  and   tho  thalamus  is  callni 
internal  capsule  (c.i.) ;  the  narrow  piece  of  white  matter  between  the 
claustrum  and  the  lenticular  nucleus  is  called  the  external  capsule. 

For  the  student  of  medicine  the  internal  capsule  is  one  of  the 
most  important  parts  of  the  brain.  Into  it  are  continued  up  the 
fibres  which  we  have  previously  traced  as  far  as  the  oral  cerebri ; 
the  mo  tor- lil  ires  of  the  crusta  are  continued  into  tho  ant' 
thirds  of  its  posterior  limb  (i.e.  Itohind  the  genu  *  in  fig.  477),  the 
sensory  fibres  of  the  tegmentum  into  tho  posterior  third  of  this  limb. 
When  these  fibres  get  beyond  the  narrow  pass  between  the  basal 
ganglia,  they  spread  out  in  a  fan-like  manner  and  are  distributed  to 
the  grey  cortex ;  the  motor-fibres  coming  down  from  the  motor  con- 
volutions around  tho  fissure  of  Bolando ;  the  sensory  fibres  going  to 
the  same  convolutions  and  also  to  others  bci  so  which  are 

associated  with  special  sensations.  The  namo  corona  radiata  is 
applied  to  tho  fan-like  spreading  of  tho  fibres;  the  fibres  as  they 
pass  through  the  handle  of  the  fan,  or  internal  capsule,  communicate 
with  the  nerve-cells  of  the  grey  matter  of  tho  basal  ganglia;  the 
pyramidal  fibres  on  their  way  down  to  the  medulla  and  cord  from 
the  motor  areas  of  the  brain  send  off  collaterals  or  side  branches 
which  arborise  around  the  cells  of  the  corpus  striatum,  and  to  a 
lesser  degree  around  those  of  the  optic  thalamus;  the  axis-cylinder 
processes  of  these  cells  pass  out  to  join  the  pyramidal  tract  on  its 
downward  course.  Tho  sensory  fibres  on  their  way  up  may  pass 
straight  on  to  the  cortex,  baft  the  majority,  especially  those  in  the 
fillet,  terminate  by  arborising  round  the  cells  of  the  optic  thalamus, 
and  in  the  subthalamic  area.  This,  in  fact,  is  another  cell-station  or 
position  of  relay :  the  fibres  passing  out  from  the  cells  of  the  thalamus 
continue  the  impulse  on  to  the  cortex. 

The  importance  of  the  internal  capsule  is  rendered  evident  when 
one  considers  the  blood  supply  of  these  parts;  at  the  anterior  and 
•posterior  perforated  spots,  numerous  small  blood-vessels  enter  for  tho 
supply  of  the  basal  ganglia,  and  these  are  liable  to  become  diseased, 
and  if  they  rupture,  a  condition  called  apoplexy  is  the  result;  if  the 
haemorrhage  is  excessive,  death  may  occur  almost  immediately;  but 
if  the  patient  recovers,  a  condition  of  more  or  less  permanent  paralysis 
remains  behind  ;  and  a  very  large  amount  of  paralysis  results  from  a 
comparatively  limited  lesion,  because  so  many  fibres  are  congregated 
together  in  this  narrow  isthmus  of  white  matter.  If  the  hemorrhage 
is  in  the  anterior  part  of  the  posterior  limb,  motor  paralysis  of  the 
opposite  side  of  the  body  (hemiplegia)  will  bo  the  most  marked 
symptom.  If  the  haamorrhago  occurs  in  the  posterior  part,  sensory 
paralysis  of  the  opposite  side  of  the  body  will  be  the  most  marked 
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Bptom.     If  the  motor-fibres  are  affected,  degeneration  will  occur 
in  the  pyramidal  tract,  and  can  be  traced  through  the  pes  of  the  eras 

mid-brain  to  the  pyramid  of  the  pons  and'hulh,  and  then  in 
crossed  pyramidal  tract  of  the  opposite  side  and  in  the  direct  pyra- 
midal tract  of  the  same  sido  of  tho  con!. 

Fig.  477  represents  a  horizontal  viovr  through  the  hemisphere. 
The  internal  OapSOle  (e)  at  the  point  *  makes  a  bond  called  tho  genu 


I  Ueriin  to  «}m»  i.h»  ramvcUon  of  the  Frontal  atil  Occipital  Lobes  with  Uw  OreueJlun,  i 
itbM  llu*»  p»»»Hif  in  the  cniau  Sj  <»'),  "iuuWi  the   motor  nbraa,  ln<tlc*U  tha  connect 
hrtwrwn  tli-  I.    -  and  the  ocrvhellam.     r.c.  thci  frotito-crreballar  fibres,  which 

rantortiirlr  la  U>n  inoUir  tract  In  llin  emit*  -.  I.  r. ,  lihrr»  from  Um  caudate  tuicjeua  to  the  | 
_  froatal  k>!--  tallobe:  aw.,  *iu-»*'itfct-  irtotaj  <xmvolut_. 

;>r«c*titr»l  riaeare  in  frtmt  of  lb*  Mowi«lin»  frontal  owtolutluti ;  r*.,  Harare  of  Rolando;  irr., 
lr.tr»[.»rWUl  tlmum.     A  »#<1Jnn  of  th*  era*  k>  MVml  on  th»  left  utile.     »  *.,  aahaUntia  nigra ;  rr., 
M  th*  right  art  ataowa  m  contliraooa  llnw  OMivmduK  to  p*m  through 
t&apoitsrta  I    »1  rafnule  (the  ki«-  or  elbow  uf  which  Is  allows  Uma  * )  u|>warda  Into 

iuh  the  {«.«■»  to  rn«  lit  ,  >raml>lal  drama**. 

tSon.    f|4,  croaMil  pjTamldal  tract,  upf,  ■llrant  pyramKal  '.ran.    (fiowtra.) 

or  knee,  behind  irhioh  tho  motor-fibres,  and  more  posteriorly  still 
Bensory-lil-re?,  pass.  Tho  connection  between  cerebrum  and  the 
cereVJlnni  is  alee  indioatod;  one  cerebral  homisphoro  is  connected 
with  tho  opposite  i  phore  bj    fronto-eerebellar  and 

i.«-i  rp  .;■,, ....  i-i jiiti'-f*-!  fibres  which  pass   respectively  i i *  •  f ! ■ 

of  and  behind  the  pyramidal  fibres  Ed  the  internal  capsule. 

Histological  Structure  of  the  Cerebral  Cortex. 

The  grey  matter  of  the  cortex  is  compose-!  of  a  r.umlior  of  layers 
which  r,  not  well  marked  off  from  one  another.     The 

numl  a  of  these  layers  is  variously  given   by  different  authorities 


^ 
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Flo.  4TB.— Tlie  layers  of  U>*  rortli-al  itiry 
nutter  of  the  cerebrum.    (Meynert.) 


Ho.  4T9.— Prtnctr*l  type*  of  oil*  to  the 
cerebral  oortex. 

A,  nw.Moa-.lrwt    pyranMal    HI   of    U* 
MMlifl 

B,  torn*  pyramidal  cell. 

C,  |wlMDorplKra«  calL 

D,  cell  of  which  the  axia-tyMn-ltr  proreaa  li 

■•evading. 
B,  rwunylli 
P,  cell  of  the   first,   ...r   motocnUr,   IMW, 

forming    an    InterroedJato    rvll-etatioii 

between  sensory  Ilbrea  and  motor  cell*. 

Notice  Ulfl  tn*gtnl\al  directing 

narre-fihrr*. 
O,  Mmory  libra  from  Ui«  white  mutter. 
H,  white  matter. 

.•-»r»l  of  the  white  matter.    ( Ramon 

)  CajaL) 


inodulkted  nerve-fibres  largely  derived  frum  the  dwidrons  of  the 
cells  of  the  next  layer.     The  nerve-cells  (F  in  tig.  479)  "  gjW 

with  these  are  branched,  and  have  several  processes  which  li« 
horizontally  benoath  the  surface  (tangential  fibres).  Neuroglia  cells 
are  also  present. 
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2.  Tfu  layer  of  pyramid*.— ThoiQ  are  several  deep,  and  the  largest 
cells  are  situated  most  deeply.     Each  of  these  has  an  apical  process 

to  tho  surface,  where  the  branches  run  tangentially.     The 

3808  are  also  branchod  dendrona    The  axon  originates 

■  ;  base.     Tho  largest  pyramids  ( Botz  cells)  aro  found  in  tho 

so-called  motor  cortex  (Rolandic  area)  and  give  origin  to  the  fibres 

uf  tho  pyramidal  tract.     The  smaller  pyramids  are  association  unit*. 

3.  The  layer  of  polymorpJious  cells. — There  are  small  scattered 
colls,  many  of  a  fusiform  shape.  In  the  Island  of  Keil  this  layer  is 
hypertrophifld,  and  is  separated  from  the  rest  of  the  grey  matter  by 

r  Hum  of  whits  ftbns  ,  it  is  known  then  as  the  clauslrum. 
Variations  ii»  diffnant  regions  of  |  .  will  be  found  desei 


^- 


&*L 


Y\ 


1 '.— fin mM otntnl coitox :  Oolgl'i n«Xbod.    Low povnr.    (Moil.) 


in  histological  worlcB,  but  the  physiological  meaning  of  these  is  not 
cleai  ii  many  ease*  The  Golgi  method  has  proved  conspicuously 
useful  in  the  study  of  tho  shapes  and  dispoeitianB  of  tho  cells  (see 
tigs.  479, 480, 481).  Bund  Ins  of  modollated  norve-fibres  pass  in  vertical 
streaks  through  the  deeper  layers  of  the  grey  matter ;  some  of  these 
are  axis  cylinder  processes  of  the  pyramidal  and  polymorphous  cells, 
and  are  convoying  impulses  downwards ;  others  convoying  impulses 
upwards  pan  from  tho  white  matter  into  the  cortex  to  arborise  among 
its  various  cells.  In  addition  to  those  fibres,  other  strands  lie  parallel 
n  i.ht'  Barbae  "f  tho  cortex,  and  havo  receivod  various  names,  such  as 
the  outer  line  of  Baillargor  in  the  layor  of  medium-sized  pyramids, 
lha  inner  line  of  B.ii  I  larger  in  the  layer  of  large  pyramids,  and  tho 
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line  of  Gennari  in  the  occipital  region.    There  can  be  little  or  no  doubt 
that  these  are  association  tracts  linking  the  convolutions  together. 

The  cells  of  the  cortex  thus  give  rise  to  the  motor  or  efferent 
fibres;  these  pass  into  the  white  matter  of  the  interior  of  the  brain. 
Some  go  either  directly  or  by  collaterals,  (1)  to  the  I  t  more 

or  less  distant  convolutions.  These  are  called  Association  fibres.  | 
Others  pass  to  the  corpus  callostim,  and  so  reach  the  cortex  of  the 
opposite  heinisphera  These  are  called  Commissural  fibres.  In  each 
case  they  terminate  by  arborisations  (synapses)  around  the  cells  of 
the  grey  matter  of  the  cortex;  while  othors  again,  especially  those 
of  the  largest  pyramidal  cells,  extend  downward  through  the  corona 
radiata  and  internal  capsule,  and  become,  (3)  fibres  of  U6  pyramidal 


Fkj.  4M.—  Uumin  ombnl  ourUx :  Uulgt'i  maUiod.     tligh  power.    (McAt.) 

tract.  These  are  called  Projection  fibres.  As  they  pass  down  thoy 
givo  off  collaterals  to  tho  adjacent  grey  matter,  to  the  Op] 
hemisphere  viA  the  corpus  callosum,  to  the  corpus  striatum  and  the 
optic  thalamus,  which  terminate  there  by  arlKirisations ;  the  main 
fibres  terminate  in  synapses  round  the  multipolar  colls  of  the  grey 
matter  of  the  opposite  side  of  the  spinal  cord.  These  are  termed  tho 
cortico-spinal  fibres;  von  Monakow  lias  uhowu  that  some  of  tho 
pyramidal  fibres  terminate  in  the  mid-brain  ami  pons  (<urtico-pontino 
fibres),  and   a   tit  uf    fibres   thorn-;  OOntinUM   the   impulse 

dowfiwttrdk 

The  cells  of  the  cortex  are,  in  addition  to  all  this,  surroundod  by 
the  arborising  terminations  of  the  sensory  nerve-fibres,  which,  after 
relays  at  various  cell-statious,  ultimately  reach  the  cortex. 
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Wo  are  now  in  a  position  to  complete  diagram  448  (p.  613),  and 
obtain  in  idea  of  the  relations  of  tho  principal  cells  and  librea  of  the 
M  system  to  one  another. 

Pyr.  (%•  **2)  b  a  cell  of  the  Rolaudic  urea  of  the  cerebral  cortex  ;  ax  if  ii- 
nxis  passes  flown   in  the   pyramidal   tr.u  the 

A.C.N 


Jta/UMli' 

Call  el  Ant 

Htrn 


\<U<>  at  C/nr»*'a  CtAi« 


y 


J»fi» 


Fio.  Mi— ftelume  ut  rnlatlaailJ|i  of  calU  lad  flbtn*  of  biM  (In  ttm  preparation  of  tali 

•lla^tam  I  have  woolv«d  roiialil«nt>l«  antataoca  from  Dr  Hott ) 

iimlillc  line  aii  at  tin-  pyramidal  decussation.     It  gives  off  collaterals,  one 
(call)  is  shown  passing  in  the  corpus  cnllosurn  to  terminate  in  an  arborisation  in  the 
cortex  of  the  opposite  hetnisphcr  -  (tlr)  passes  into  the  corpus  stii  itiim. 

In  LIil-  cord  collates <!  i  and  end  in  arborisations  round  cells  ol  the  anterior 

horn  of  the  spinal  cord  (sec  also  fig.  448) ;  the  main  fibre  has  ■  rimll  -r  termination  • 

I  in:  intermediate  cell  station  In  the  posterior  horn  between  the  pyramidal  fibre 
and  the  anterior  coraunl  c  H  CSchafer)  is  not  shown  in  the  diagram  (see  also  p.  813). 
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The  motor  nerve  fibre  pUKi  frtmi  I  he  anterior  romual  cell  to  muscular  fibres,  where 
it  ends  in  the  terminal  arboro  nd-pUtat 

Coming  now  to  the  sensory  fibres,  a  cell  of  one  of  Uie  spinal  ganglia  is  shown. 
Its  axis-cylinder  process  bifurcates,  and  one  branch  posses  to  the  periphery,  ending 
in  arborisations  in  skin  and  tendon.  The  other  ("central )  branch  bifurcates  on  entering 
the  cord,  and  its  divisions  pass  upwards  and  downwards,  the  latter  for  a  short 
distance  only  ;  the  terminations  of  this  descending  branch  and  of  collaterals  of  the 
•Mending  branch  round  the  cells  of  Uic  spinal  cord  are  more  fully  shown  in  fig.  4 18. 
The  main  ascending  branch  arborises  around  a  cell  of  the  nucleus  gracilis  (v.c)  or 
nucleus  cuncatus  in  the  posterior  columns  of  the  bulb;  the  nxivcyhnder  process  of 
this  cell  passes  over  to  the  other  side  as  an  internal  arcuate  fibre  (i.a.  ),  ana  becomes 
longitudinal  as  one  of  the  fibres  of  the  mesial  fillet  (r),  which  terminates  round  a  cell 
of  the  optic  thalamus  (o.t.),  from  which  a  new  axis-cylinder  process  passes  to  form 
an  arborisation  around  the  dendrons  of  one  of  the  cerebral  cells  (C'ajal's  nerve-unit 
of  association  a.i.n.)  in  the  surface  layer  of  the  cortical  grey  matter  (shown  on  a 
larger  scale  in  fig.  470  r):  the  axis-^vlinder  process  of  a.i.v.  arborises  round  the 
dendrons  of  the  pyramidal  cell  from  which  we  started. 

In  this  way  one  gets  a  complete  physiological  circle  of  nerve-units ;  the  segments 
of  the  circle  arc,  however,  anatomically  distinct,  and  the  impulses  travel  through 
contiguous,  not  through  continuous,  structures.  The  simple  arrows  indicate  the 
direction  of  the  impulses  in  the  efferent  projection  system  :  the  feathered  arrows  in 
the  afferent  projection  sy>i 

Next  we  come  to  the  connections  of  the  cerebellum  One  of  the  collaterals  of 
tin:  sensory  nerve-fibre  arborises  round  a  cell  of  Clarke's  column,  from  which  a  fibre 
of  the  direct  cerebellar  tract  passes  to  end  in  an  arborisation  around  a  cell  in  the 
vermis  of  the  cerebellum,  r  is  one  of  the  cells  of  Purkmjc,  the  axis-cylinder  process 
of  which  r.ax  passes  to  the  ccrcbro-spinal  axis;  it  is  depicted  as  passing  down  to 
envelop  one  of  the  cells  of  the  anterior  horn  ;  but  this  has  never  been  satisfactorily 
demonstrated ;  so  a  dotted  line  has  been  used  to  indicate  this  uncertainty.  No 
doubt  also  some  of  its  collaterals  pass  up  to  the  cerebrum. 

The  origin  and  destination  of  the  tract  of  Gowcrs  are  not  shown  in  the  dla^r 
the  fibres  or  communication  from  the  cerebral  to  the  opposite  cerebellar  hemisphere, 
which  pass  through  the  Superior  cerebellar  |>cdunclc,  arc  also  omitted.  The 
sympathetic  system,  with  its  numerous  cell  stations  in  the  sympathetic  ganglia,  we 
luive  studied  in  connection  *  ith  the  blood-vessels  and  viscera  to  which  the  sympa- 
thetic fibres  arc  distributed  (sec  especially  pp.  299-303). 

'■■>i.  is  the  frrey  matter  which  is  continuous  from  spinal  cord  to  the  optic 
thalamus,  and  through  this  certain  afferent  impulses,  such  as  those  of  pain,  travel 
upwards. 

Particular  attention  should  be  paid  to  the  following  point:  when 
an  afferent  filiro  outers  the  spinal  conl,  ii  divides  into  thru 
sets  of  braiirlir       The  first  sot,  the  shortest,  forms  synapses  wild 
tho  mot'  born;  ban  in  bavt  the  anatomical 

basis  of  spinal  reflex  action.  The  second  set  passes  through  an 
intermediate  eeli-sration  in  Clarke's  column  to  the  cerebellum,  the 
emerging  fibres  from  which  also  influence  the  motor  disehargo  of 
the  anterior  horn  cells.  The  third  set,  the  longest,  passes  through 
three    I  ate  cell-stations  (the  first  in   tin    nucleus  gracilis  or 

cuneatu:  in  the  optlO  tlialiiinus,  the  third  in  the  associa- 

tion units  in  iln-  ruit.\),  and  ultimately  reaches  the  pyramidal  nerve- 
colls  of  tho  corebral  cortex,  tho  eflbrenl  fibres  (pyramidal  fbres) 
of  which  pass  to  the  motor  cells  of  the  anterior  conn  and  influence 
their  discharge.  The  motor  nerve-cells  of  the  anterior  horn  may 
thus   be   influenced   by   the  afferent   impulses  via   three  paths  or 
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nervous  In  health,  all  these  nervous  circles  are  in  action  to 

atod  muscular  impulses.  In  locomotor  ataxy,  which 
is  a  degeneration  of  the  cells  of  the  ganglia  on  the  posterior  roots 
find  their  branches,  all  these  nervous  circles  are  deran^' 

It  is  loss  of  reflex  action,  ami  ineo-ordination  of  muscular  too 
mental 

It  should  be  noted  that  the  pyramidal  cells  in  the  cortex,  though 
the  largest  in  size,  are  the  least  numerous.  Similarly  the  large 
motor  cells  of  Ufa  re  relatively  few  in  numl>er.     Tho  innumer- 

smallci  i.  both  situations  are  association  cells  concert 

in    tl >-orfliniiti<.n   of  inpulses. 

The  Convolutions  of  the  Cerebrum. 
Tin  tain  is  marked  by  a  great  number  of  depres- 

simis  crhich  are  ealli  tnd  it.  is  this  folding  ot  I 

sinf.uM  tli.it,  enables  a  vrry  large  ft  A.  tho  precious  material 


183. 

I  llMnl«pb»r»  of  vlult  M»c»cuop  nmknr. 
B.  OrrtnS  K?niUjvb*TB  of  child  Portly  Wot  Mrtk. 

Tbm  Xim  Uatan  are  very  mcch  *llk»,  tmt  tfe«  growth  forward*  of  Ui»  faxrUl  loUn  evw  at  Oil*  •arty 
•Urt  of  dereli>jm«it  ..(  Iko  l.iimiui  lir*in  la  <iult»i   well  teen.    r1,  flanum  r.t  '      ruaurr  of 

i  lo. 

called  tho  grey  matter  of  the  cortox  to  be  packed  within  the  narrow 
compass  of  the  cranium.  In  tho  lowost  vertebrates  the  surface  of 
the  brain  is  smooth,  but  going  higher  in  the  animal  scale  the  fissures 
make  their  appoaranco,  reaching  their  greatest  degree  of  complexity 
in  tho  higher  apes  ami  in  man. 

In  an  early  embryonic  stage  of  tho  human  foetus  the  brain  is  I 
smooth,  but  as  development  progresses  the  sulci  appear,  until  the 
climax  is  reached  in  the  brain  of  the  adult. 

Tho  sulci,  which  make  thoir  appearance  first,  both  in  tho  animal 
scalo  and  in  the  development  of  the  human  fcetus,  are  the  same. 
They  remain  in  tho  adult  as  tho  deepest  and  best  marked  suloi .  they 
are  called  tin;  primary  fissur*  divide  the  brain  into 

lobes ;  tlu'  remaining  sulci,  called  the  secondary  fissures  or  sulci, 
further  subdivide  eaen  lobe  into  wtvwtiutitmi  or  gyri. 

A  first  glance  at  an  adult  human  brain  reveals  what  appeara  to 
bo  a  hopeless  puzzle;  this,  however,  is  reduced  to  order  when  o 
studies  the  brain  in  different  stages  of  dovolopmont,  or  compares  the 
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brain  of  man  with  that  of  the  lower  animals.     The  monkey's 

in  particular  has  given  the  koy  to  the  puzzle,  because  there  the 

ay  fiHsnres  are  not  obscund  bj 
arrangement  of  secondary  fissures. 

The  preceding  figure,  <■■  g  the  brain  of  one  of  the  I 

monkeys  with  that  of  the  child  shortly  before  birth,  shows  flu 
family  likeness  in  the  two  cases. 

Fig.  484  gives  a  representation  of  tho  brain  I   tin.  higher 

monkeys,  the  omOgMNltaQg  whore  there  is  an  intermediate  com 
of  complexity  by  which  we  are  led  Iast.lv  to  the  1  in. 


Km.  <8.t.—  Mmn  of  thr  Drang,  i  ratnra!  «i,-r  4  Ujb  nmvotaUom      >iy.  Ami* 

OfSrlvlua;  /.',  tlwursof  Itol  ■  .  Olfactory  loi 

oar*  bid  turn :  fV,  jkjm  Varolii;  Mu,  medulla  ulitaiKata.     Aa  cimlre  i-  Innmi  twain.  tJi« 

fmrital  loba  l»  ahort  and  naiatl  r*!a1  rial  UobUqne,  the  V rn j -'iro-ap)i«*io4iI»l 

loba  rary  promt  runt,  an  r»  wdl  marked.    Not*  alao  lb* 

band  or  pxiu  In  the  RoUiwMo  Bm»ih).    Tin*  to  fmifwl  in  all  anUiruj'.-tJ  apoa. 

Let  us  take  first  the  outer  surface  of  the  human  hemisphere;  the 
primary  fissures  are — 

1.  The  fissure  of  Sylvius ;  this  divides  into  two  limbs,  tho  post 

of  which  is  the  larger,  and  runs  backwards  and  upwards,  and  the 
anterior  limb,  which,  passing  into  tho  substance  of  the  hemisphere, 
forms  the  Island  of  R 

2.  77m  fissure  of  Rolando,  running  from  about  the  middle  of  tho 
top  of  tho  diagram  (fig.  48.*i)  downwards  and  forwards. 

rxternal  parido-occipital  fissure  (Pak.  oc.  f)  parallel  to  the 
fissure  of  Rolando  but  more  posterior  and  much  shorter;  in  monkeys 
it  is  longer  (see  fig.  484). 

These  three  fiasurea  di>.  ide  the  brain  into  five  lobes: — 
1.    The  frontal  fohr ;  in  front  of  the  fissure  of  Rota 
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2.  77ui  parietal  lobe;  between  the  fissure  of  Rolando  and   the 
external  parietooccipital  fissure. 

3.  The  occipital  lobe ;  behind  the  external  parieto-occipital  fissure. 

4.  The  temporosphenoidal  lobe ;  below  the  fissure  of  Sylvius. 

5.  The  Island  of  foil 

It  will  be  noticod  that  the  names  of  the  lobes  correspond  to  those 
iti«i  bones  of  tho  cranial  vault  which  cover  them.     There  is   no 

exact  correspondence  between  the  bones  and  the  lobes,  but  the  precise 
position  of  the  various  convolutions  in  relation  to  the  surface  of  the 
skull  is  a  matter  of  anatomy,  which,  in  these  days  of  brain-surgery, 
is  of  overwhelming  importance  to  the  surgeon.  The  position  of  a 
localised  disease  in  the  brain  can  be  determined  very  accurately,  as 
we  shall  see  later,  by  the  symptoms  exhibited  by  the  patient,  and  it 
Would  be  Obviously  inconvenient  to  the  patient  if  the  surgeon  was 
unable  to  trephine  over  the  exact  spot  under  which  the  diseased  con- 
volution lies,  but  had  to  make  a  number  of  exploratory  holes  to  find 
out  where  he  was. 

Each  lobe  is  divided  into  convolutions  by  secondary  fissures. 

1.  The  frontal  lobe  is  divided  by  the  central  frontal  or  prefrontal 
sulcus,  which  runs  upwards  parallel  to  the  fissure  of  Rolando,  and  two 
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transverse  frontal  sulci,   upper   and    lower,   into   four   convolutions; 
namely   we  ascending  frontal  convolution  in   front  of  tho  fissure  of 
mdo,  and  three  transverse  frontal  convolutions,  upper,  middle,  and 
lower,  which  run  outwards  and  forwards  from  it. 

2  The  parietal  lobe  lias  one  important  secondary  sulcus,  at  first 
running  parallel  Co  the  fissure  of  Rolando  and  then  turning  back 
parallel  to  the  margin  of  tho  brain.  It  is  called  the  intra-parietal 
sulcus.  The  lobe  is  thus  divided  into  the  ascending  parietal  convolu- 
tion behind  the  fissure  of  Rolando,  the  supra-marginal  convolution, 
between  the  mir.i -parietal  buIcus,  and  the  fissure  of  Sylvius;  the 
angular  convolution  which  turns  round  tho  ond  of  the  Sylvian  fissure, 
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and  the  superior  parietal  convolution,  or  parietal  lobule,  in  front  of  the 
external  parietooccipital  fissure. 

.'».  The  occipital  lobe  is  divided   into  upper,  middle,  and  lower 
occipital  convolutions  by  two  secondary  fissures  running  across  it. 

4.  The    temporal  or    temporo  sphenoidal    lobe    is    similarly 
divided  into  upper,  middle,  and  lower  temporal  convolutions  bl 
fissures  running  parallel  to  the  fissure  of  Sylvius;  the  upper  of  these 
fissures  is  called  the  parallel  fissure. 

5.  The  Island  of  Reil  in  divided  into  convolutions  by  the  break- 
ing up  of  the  anterior  limb  of  the  Sylvian  fissure. 
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Fio.  4W.  -  Right  cerebrml  h«mispber«,  n«U  mrfuct. 

Coming  now  to  the  mesial  surface  of  the  hemisphere  (fig.  486), 
its  subdivisions  are  made  evident  by  cutting  through  the  corpus 
callosum  which  unites  the  hemisphere  to  its  fellow.  The  sub- 
division into  lobes  is  not  so  apparent  here  as  on  the  external 
surface  of  the  hemisphere,  so  we  may  pass  at  once  to  the  con- 
volutions into  which   it  is  broken  up  by  fissures. 

In  the  middle  the  corpus  callosum  is  seen  cut  across ;  above  it 
and  parallel  to  its  upper  border  is  a  fissure  called  the  calloso-marginal 
fissure  which  turns  up  and  ends  on  the  surface  near  the  upper  end 
of  the  fissure  of  Rolando.  The  convolution  above  tins  is  called  the 
marginal  convolution,  and  the  one  below  it  the  callosal  convolution  or 
gyrus  fornicatus.  The  deep  fissure  lielow  the  corpus  callosum  running 
from  its  posterior  end  forwards  and  downwardB  is  called  the  dentate 
fissure;  this  forms  a  projection  seen  in  the  interior  of  the  lateral 
ventricle,  and  called  there  the  hippocampus  major ;  it  is  sometimes 
called  the  hippocampal  convolution  which,  together  with  the  gyrus 
fornicatus  above  tho  corpus  callosum,  constitutes  the  limbic  lobe. 
Below  the  dentate  fissure  is  another  called  the  collateral  fissure,  above 
which  is  the  uncinate  convolution,  and  below  which  is  the  inferior 
temporal  convolution  which  we  have  previously  seen  on  the  external 
surface  of  the  hemisphere  (see  fig.  485).     In  the  occipital  region  the 
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internal  parieto-occipital  fissure,  which  is  a  continuation  of  the  external 
parieto-occipital  fissure,  passes  downwards  and  forwards  till  it  meets 
the  calcarine  fissure  ;  these  two  enclose  between  them  a  wedge-shaj)ed 

piece  of  bail)  culled  the  cuneus  or 
cuntat*  lobule;  the  square  piece  abovn 
it  is  called  the  precuneus  or  quadri- 
lateral lohdr.. 

The  only  convolutions  now  left  are 

those  which  are  placed  on  the  su 

of  the  frontal  lobe  that  rests  on  the 

■  l  plate  of  the  frontal  bono;  they 

are  shown  in  Jig.  453,  2  2  2"  (p.  622), 

ieen  diagrammatically  in 

ud  of  the  temporal  lobe 

bung  cut  off  to  expose  the  oonvolul 

of  the  central  lobe  or  Island  of  Roil. 

Along  the  edge  is  the  continuation 
of  the  margin:!  iution  (m);  next 

m  the  olfactory  sulcus  (0)  in  which  the  olfactory  tract  ami  lull 
lio;  then  the  triradiato  orbital  sulcus  (o.s.)  which  divides  the  rost  of 
this  surface  into  three  convolutions. 


Phi.  4S7.-0tWU1  »nrfac«of  ft™.: 

Mi  RHHtaai   NnkiU  ;.. 

'  roa. 
•>..«.,  orbital  unicorn. 
-  KMI. 

iylrlaii  11  win-. 
bOMUrior  llcibofKiltun  !U«u;». 

aCPJo..  »nl«rtor  iwrfamMxl  ipot. 
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Thb  functions  of  the  spinal  COtd  full  into  two  categories :  functions 
of  the  grey  matter,  which  consist  in  the  reflection  of  afmn-nt  im- 
pulses, and  their  OOUVenkNQ  into  efferent  impulses  (rtflrj-  nrtion);  and 
functions  of  the  white  matter,  which  are  those  of  conduction. 

The  Cord  aa  an  Organ  of  Conduction. 

We  have  studiod  at  some  length  the  various  paths  in  tho  while 
matter,  and  so  wo  have  the  materials  at  hand  for  recapitulating  the 
main  facts  in  connection  with  the  physiological  aspect  of  tho  problem. 

I  luinpleto  section  of  the  spinal  cord  in  animals,  and  diseases  or 
injuries  of  the  cord  or  spinal  canal  in  man,  which  practically  cut  the 
cord  in  two,  lead  to  certain  histological  changes  of  a  degenerative 
nature,  which  we  have  already  studied,  and  to  physiological  results, 
which  are  briefly — (1)  paralysis,  both  motor  and  sensory,  of  the  parts 
of  the  body  supplied  by  spimd  nerves  which  originate  below  tho 
point  of  injury ;  and  (2)  increased  reflox  irritability  of  the  same 
,  tho  reason  for  which  we  shall  study  immediately. 

Homiseotion  of  the  cord  leads  to  degenerative  changes  on  the 
same  side  of  the  cord,  and  loss  of  motion  and  sensation  on  the  same 
side  of  the  body  bolow  tho  losion  (soo  p.  619). 

The  main  motor  path  in  tho  cord  from  the  brain  iB  the  pyramidal 
tract;  tho  anatomy  of  this  tract  is  doscribod  in  Chapters  X  LI  I.  to 
XLVL,  and  wo  need  do  no  more  hero  than  remind  the  reador  that  it 
originates  from  tho  pyramidal  cells  of  the  cortex  of  the  opposite 
cerebral  hemisphere,  and  that  the  principal  decussation  occurs  at  1 1  ifl 
lower  part  of  the  bulb. 

The  sensory  tracts  are  more  complex,  on  account  of  tho  numerous 
cell-Btations  on  their  course.  Tho  path  for  tactile  and  muscular 
sense  improssions  is  up  tho  posterior  columns  r<>  the  nucleus  gracilis 
,mil  nucleus  cuneatus  ;  thence  by  tho  internal  arcuate  fibres  and  fillet 
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to  the  optic  thalamus  of  the  opposite?  Bide,  and  thence  by  the  posterit 
part  of  tho  internal  capsule  to  the  Roland io  area  of  1 '  sphere; 

tho  decussation  of  the  MI  lot  0001118  in  the  b 

Schiff.  ono  of  the  earliest  to  work  at  tl 
paths  in  tho  oord,  arrived  at  the  conclusion  thai  painful  impn 
travelled  to  tho  brain  by  the  groy  matter  of  the  cord.    This  oonelo- 
sion  was  regarded  as  paradoxical,  for  white  matter  is  conducting 
grey  matter  is  central  or  reflecting.     But  the  conclusion  is  not 
paradoxical  aa  it  appears  at  first  sight,  for  we  now  know  the  grey 
matter  is  made  up  of  norve-units,  communicating  physiologically 
thoir  in  ant  of  dendrous;  and  it  is  quite  easy  to  umleret 

that  impulses  may  travel  up  grey  matter  through  a  vast  aeries 
cell  stations  or  positions  of  relay.     Tho  more  exact  methods  of 
modern  research  havo  gone  far  to  justify  SchifTs  conclusions,  and  it 
is  now  generally  hold  that  tho  impulses  due  to  painful  impressi 
Slid  also  those  produced  by  heat  and  cold,  tnr 
thalamus  by  the  loopings  of  fibres  from  coll  to  cell  through  the  tract. 
of  grey  matter,  which  is  continuous  from  cord  to  optic  thalamus 
(fig.  482,  CM,) ;  from   the  optic  thalamus  the  fibres  of  the  BOSOM 

lata  carry  on  the  impulse  to  the  These  conclusions  are 

confirmed  by  recent  experiments  on  hemisection  (see  p.  619),  ami 
tho  phenomena  seen  in  certain  diseases.     One  of  the  most  instructive 
of  those  from  the  physiological  standpoint  is  known  as  locomotor 
ataxy.     This  disease  is  an  affection  of  the  afferent  neurons,  and  the 
most  marked  and  constant  change  in  the  spinal  cord  is  a  degenerative 
one  in  tho  posterior  columns.     In  such  a  case  muscular  and  tm 
sense  are  abolished,  particularly  in  the  lower  limbs,  but  painful  and 
thermal  sensations  are  felt.     On  the  other  hand,  in  the  disease  of  the 
grey  matter  of  the  cord  called  syringomyelia,  sensations  of  heat,  c< 
and  pain  are  lost,  and  tactile  sensations  remain. 

Some  afferent  impulses  reach  the  cerebellum  vid  the  cells  of 
Clarke's  column  and  the  direct  or  dorsal  cerebellar  tract  to  the  resti- 
forra  body  and  inferior  podunclo  of  tho  cerebellum.  It  terminates  in 
the  vermis  or  middle  lobe  of  the  cerebellum ;  the  fibres  of  the  tract 
of  Go  wore  originate  in  tho  same  cells,  and  those  of  its  fibres  which 
enter  the  cerebellum  do  so  by  its  superior  peduncle,  and  these  also 
end  in  the  vermis. 

This  leaves  us  still  one  more  set  of  fibres  to  consider ;  these  are 
the  fibres  that  leave  the  cerebellum  and  travel  up  to  the  brain  and 
down  tho  cord.  They,  like  most  of  the  othor  tracts,  have  been  in- 
vestigated by  tho  degeneration  method.  Their  exact  course  is,  ho 
ever,  uncertain,  though  probably  they  ultimately  terminate  by 
arborising  round  tho  multipolar  colls  of  the  cerebrum  ami  of  the 
anterior  horn  <<f  the  cord  (see  fig.  482,  p.  660;  Bee  also  under 
Cerebellum,  Chapter  XI. IX .'i 
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Reflex  Action  of  the  Spinal  Cord. 

There  are  two  theories  of  a  speculative  nature  regarding  tho 
relationship  of  icllox  and  voluntary  actions:  one  is,  that  all  actions 
are  in  essence  reflex,  and  that  tho  so-called  voluntary  actions  are 
modified  reflexes,  in  which  the  afferent  impulse  to  act,  though  often 
obscure,  is  nevertheless,  by  seeking,  always  to  lie  found.  Put  in 
popular  language,  this  theory  implies  that  we  have  really  no  such 
thing  as  a  will  of  our  own,  but  onr  actions  are  simply  the  result  of 
external  circumstances. 

The  other  theory  is  the  exact  opposite — namely,  that  all  actions 
are  in  the  beginning  voluntary,  and  become  reflex  by  practice  in  tho 
lifetime  of  the  individual,  or  the  lifetime  of  his  ancestors,  who  trans- 
mit this  character  to  their  descendant 

This  is  not  tho  place  to  discuss  a  philosophical  question  of  this 
kind,  and  still  1 OH  the  debated  question  whether  acquired  characters 
are  transmissible  by  inheritance.  The  distinction  between  voluntary 
and  reflex  actions  is  a  useful  practical  one,  and  certainly  it  cannot 
be  doubted  that  many  practised  actions  become  reflex  in  the  lifetime 
of  every  one  of  us.  Take  walking,  skating,  or  bicycling  as  examples: 
at  first  these  acts  of  locomotion  are  those  in  which  the  brain  is  con- 
cerned; they  are  aotiOBS  demanding  the  concentration  of  tho  atten- 
tion ;  but  later  on  the  action  is  largely  carried  out  by  the  spinal  cord, 
the  afferent  impulses  to  the  cord  from  the  lower  limbs  directing  the 
efferent  impulses  to  the  muscles  concerned. 

Tho  reflex  actions  of  the  spinal  cord  may  first  be  studied  in  a 
brainless  frog,  as  in  this  animal  the  spinal  cord  possesses  a  great 
power  of  controlling  very  complex  reflex  actions. 

Reflexes  in  a  Brainless  Prog. 

After  destruction  of  the  cerebrum  the  shock  of  the  operation 
renders  the  animal  for  a  short  time  motionless  and  irresponsive  to 
stimuli,  but  in  a  few  minutes  it  gradually  assumes  a  position  which 
differs  but  little  from  that  of  a  living  conscious  frog.  If  thrown  into 
water  it  will  swim ;  if  placed  on  a  Blanting  board  it  will  crawl  up  it 
(Goltz);  if  stroked  on  the  flanks  it  will  croak  (Goltz);  if  it  is  laid  on 
its  back,  and  a  small  piece  of  blotting-papor  moistened  with  acid  bo 
placed  on  the  skin,  it  will  generally  succeed  in  kicking  it  off;  if  a 
foot  is  pinched  it  will  draw  the  foot  away;  if  loft  perfectly  quiet  it 
remains  motionless.    Even   when  ti  thalami  are  destroyed 

also,  it  still  executes  complex  reflex  actions,  but  all  power  of  balancing 
and  all  spontaneity  are  lost 

The  muscular  response  that  follows  an  oxcitatii-n  of  the  surface 
is  purposive  and  constant,  the  path  along  which  tho  impulse  is  d 
!  being  definite. 

Under  certain  abnormal  conditions,  however,  tho  propagation  of 
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the  impulse  in  the  cord  is  widespread,  the  normal  paths  being,  as  it 
were,  broken  down.     This  is  seen  in  the  convulsions  that  occur  on 
Blight  excitation  in  animals  or  men  who  have  suffered  from  profuse 
hemorrhage,  or  in  tho  disease  called  lockjaw   or  tetanus.     Such  a 
condition  is  easily  demonstrable  in  a  brainless  frog  under  the  influence 
of  strychnine:    after  the  injection  of  a   few  drops  of  a   1   per  >■■ 
solution  under  tho  skin,  cutaneous  oxcitatinn  no  longer  produces 
ordinated  muscular  responses,  but  paroxysms  of  convulsions,  in  wli 
the  frog  assumes  a  characteristic  attitude,  with  arms  flexed  and  legs 
extended. 

Spreading  of  reJUxes. — If  one  lower  limb  is  excited,  it  is  that  limb 

which  responds:  if  the  excitation  is  a  strong  one  it  will  spread  to  the 

ib  of  the  opposite  d  if  stronger,  still  to  I  C  limbs  all 

Cumulation  of  re/Uxes. — This  is  well  illustrated  by  Torek's  method. 
If  a  number  of  beakers  of  water  are  prepared,  acidulated  with  I,  2, 
4,  etc.,  parts  of  sulphuzk  acid  per  1000,  and  rim  titfe  of  the  frog's 
toes  are  immersed  in  the  weakest,  the  frog  at  first  takes  no  notice  of 
the  fact,  but  in  time  the  cumulation  or  summation  of  the 
impulses  causes  the  animal  to  withdraw  its  feet  If  this  is  repeated 
with  the  stronger  liquids  in  succession,  the  time  that  i  68  before 

the  muscles  respond  becomes  less  and  less.    This  method  also  serves 
to  tost  rellex  irritability  whan  the  frog  is   uuder  tho  influence  of 

ions.  'I rugs. 

Inhibition  of  rejUzas.— If,  instead  of  the  whole  brain,  the  cerebrum 
only  is  destroyed,  and  the  optic  lobes  are  loft  intact,  response  to 
excitation  is  much  slower,  tho  inlluonce  of  the  remaining  part  of 
brain  inhibiting  the  reflex  action  of  tho  cord.  Or  if  in  doing  the 
experiment  with  acid  just  described  the  toes  of  the  uther  foot  are 
being  simultaneously  pinched,  the  rospouse  to  tho  acid  is  delayed. 
Inhibition,  or  delay  of  reflex  time  is  thus  produc  ther  sensa- 

tions, which,  as  it  were,  take  op  the  attention  of  the  curd. 

This  influence  of  tho  brain  on  the  cord  is  also  illustrated  iu  mm, 
by  the  fact  that  a  strong  effort  of  the  will  can  control  many  reflex 
actions.  It  is,  for  instance,  possible  to  subdue  the  tendency  to 
sneeze ;  if  one  accidentally  puts  one's  hand  in  a  flame,  the  natural 
reflex  is  to  withdraw  it :  yot  it  ia  well  known  that  Cranmer,  when 
being  burnt  at  tho  stuko,  held  his  band  in  the  flames  till  it  was 
consumed. 

Aftor  tho  spinal  cord  has  been  divided  by  injury  or  disease  in  the 
thoracic  region,  the  brain  can  no  longer  exert  this  controlling  action  ; 
henoB  the  part  of  the  cord  below  the  injury  having  it,  as  it  were,  all 
its  own  way,  has  its  reflex  irritability  increased.*     The  increase  of 

•   In  MOie  injuries  to  the  cord  prcnli.  ng,  there  is  a  loss  of  rcrlc 

below   th>:  hrfurf.     Thm  simple  transverse  lesions;  the  loss  of 

Mflw  DIM  to  extentrva  injury  to  grey  matter  by  I  Hemorrhage. 
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reflex  irritability  is  also  Been  in  the  disease  called  lateral  sclerosis; 
here  the  lateral  columns,  including  the  pyramidal  tract,  become 
degenerated,  and  so  the  path  from  tlio  bruin  to  the  colls  of  the  cord 
is  in  great  measure  destroyed  In  these  patients  the  increase  of 
rutlex  irritability  may  become  a  very  distressing  symptom,  slight 
excitations,  like  a  movement  of  the  bed-clothes,  arousing  powerful 
convulsive  spasms  of  the  legs. 

Beflex  time. — In  the  frog,  deducting  the  time  taken  in  the  trans- 
mission of  impulses  along  nerves,  the  time  consumed  in  the  cord 
(reflex  time)  varies  from  0 008  to  0015  second ;  if  the  reflex  crosses 
to  the  other  sido  it  is  one-third  longer.  It  is  lessoned  by  heat,  and 
mi. lor  the  influence  of  a  strong  stimulus  (see  also  p.  204). 

Roflox  Action  in  Man. 

The  reflexes  obtainable  In  man  form  a  most  important  factor 
in  diagnosis  of  diseases  of  tin;  nervous  system ;  each  action  is  effected 
through  an  afferent  sensory  nerve,  a  system  of  nerve-cells  in  the 
cord  termed  the  reflex  centre,  and  an  efferent  motor  nerve;  the 
whole  constitutes  what  is  called  the  reflex  arc.  The  absence  of 
certain  reflexes  may  determine  the  position  in  the  spinal  cord,  which 
is  the  scat  of  disease. 

Two  forms  of  reflex  action  must  be  distinguished  :— 

1.  Superficial  reflexes.  These  are  true  reflex  actions,  and  ttt 
excited  bj  stimulation  of  ihe  skin. 

2.  Deep  reflexes  or  tendon  reflexes.  This  is  a  most  undesirable 
name,  as  they  are  not  true  reflex  actions. 

Superficial  Reflexes. —These  are  obtained  by  a  gentle  stimula- 
tion, such  as  a  touch  on  tho  skin ;  the  muscles  beneath  are  usually 
affected,  but  muscles  at  a  distance  may  bo  affected  also.  Thus  a 
prick  near  the  knoo  will  cause  a  reflex  floxion  of  tho  hip. 

Tho  most  important  of  those  reflexes  are: 

a.  Plantar  reflex:  withdrawal  of  the  feet  when  the  soles  are 
tickled. 

b.  Gluteal  reflex:  a  contraction  in  the  gluteus  when  the  skin  over 
it  is  stimulated. 

c.  Cremasteric  reflex:  a  retraction  of  tho  testicle  when  the  skin  on 
the  inner  side  of  the  thigh  is  stimulated. 

d.  Abdominal  reflex :  in  the  muscles  of  tho  abdominal  wall  when 
the  skin  over  the  side  of  the  abdomen  is  stroked;  tho  upper  part  of 
this  reflex  is  a  very  definite  contraction  at  the  epigastrium,  and  has 
been  termed  the  epigastric  reflex. 

e.  A  series  of  similar  roflox  actions  may  be  obtained  in  tho  muscles 
of  the  back,  the  highest  being  in  tho  muscles  of  the  scapula. 

f.  In  the  region  of  the  cranial  nerves  the  most  important  reflexes 
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are  those  of  the  eye — (i)  the  conjunctival  reflex,  the  movement  of  the 

eyelids  vrhea  the  front  of  the  eyeball  is  touched;  and  (ii)  the  o 

traction  of  the  pupil  on  exposure  of  the  eye  to  light,  nnd  it-s  dilalWl 

on  stimulation  of  the  skin  of  the  nook, 

Tendon  Reflexes. — When  the  muscles  are  in  a  state  of  slight 

tension,  a  tap  on  their  tendons  will  cause  them  to  contract     The  two 

so-called  tendon  reflexes  wl 
are  generally  examined  are  the 
patella  tendon  reflex  or  knee- 
jerk,  and  the  foot  phenomenon 
or  ankle-clonus. 

Tlie  knee-jerk. — The  goad* 
ricepa  muscle  is  slifi 
stretched  by  putting  one  knee 
over  the  other;  a  slight  blow 
on  the  patella  tendon  causes  a 
movement  of  the  foot  for- 
wards, as  indicated  in  the 
dotted  lino  of  fig.  488.  The 
'•monon  is  present  in 
health 

Ankle-donu*. — This  is  eli- 
cited as  depicted  in  the  next 
figure:    the  hand    is   pressed 

against  the  sole  of   the  foot,  the  calf  muscles  are  thus  put  on  the 

stretch  and  they  contract,  and  if  the  pressure  is  kept  up  a  quick 

succession   or    clonic  series  of 

contractions  is  obtained.     1 V 

however,  is  not  readily  obtained 

in  health. 

These   phenomena  are    not 

true  reflexes;  the  time  that  in- 
tervenes between   the  tap  and 

the   response  is  so   short   that 

they   must   be    due    to    direct 

stimulation  of  the  muscles  1  . 

the  sudden  stretching  of  tl 

tendons, 

Nnvortheless,  the   idea  that 

they  are  reflex  is  supported  by 

the  following  facts : — 

1.  There  aro  itervue  in  tendon. 

2.  The  phenomena  dopend  for  ;'  urrence  on  the  integrity 
of  the  reflex  an  Disease  or  injury  to  the  afferent  nerve,  efferent 
nerve,  or  spinal  grey  matter,  altolishes   them.     Thus  they  cannot 


Flo.  488.— The  Knee-Jerk.    (Oowen.) 
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be  obtained  in  locomotor  ataxy  (damage  to  the  posterior  nerve- 
roots),  or  in  infantile  paralysis  (damage  to  the  anterior  horns  of 
grey  matter). 

3.  They  are  excessive  in  those  conditions  that  increase  tho  truo 
reflex  irritability,  such  as  severance  of  brain  from  cord,  and  in 
lateral  sclerosis. 

How,  then,  is  it  possible  to  reconcile  these  two  sets  of  facts  ? 
The  explanation  advanced  by  Sir  William  Gowers  does  so  best ;  it  is 
briefly  as  follows : — 

(1)  The  tendon  reflexes  are  not  reflexes,  but  are  due  to  direct 
stimulation  of  the  muscle  itself. 

(2)  In  order  that  the  muscle  may  respond,  it  is  necessary  that  it 
be  in  an  irritable  condition;  this  is  accomplished  by  putting  it 
slightly  on  the  stretch,  and  bo  calling  forth  the  condition  called  tonus 
(see  p.  130),  a  readiness  to  contract  on  slight  provocation. 

(3)  Muscular  tonus  depends  on  tho  integrity  of  the  reflex  arc. 
The  sensory  stimulus  for  this  reflex  muscular  tone  arises  either  in 
the  muscle  itself,  or  more  probably  in  the  condition  of  the  antagon- 
istic muscles.     (See  more  fully,  next  paragraph  but  two). 

(4)  Hence  injury  to  any  part  of  the  reflex  arc,  by  abolishing  the 
healthy  tone  of  a  musclo,  deprives  it  of  that  irritable  condition 
necessary  for  the  production  of  these  so-called  reflex  actions. 

'Hie  exact  course  of  the  reflex  arc  concerned  in  the  knee-jerk  has  been  worked 
out  by  Sherrington  in  tin-  monkey.     The  nerre-fibre*  are  mainly  those  which  pass 

11)  to  and  from  the  crureus  by  the  anterior  «-rural  nerve,  and  (2)  to  and  From  tin- 
lamstringa  by  the  sciatic  nerve,  The  fibres,  which  supply  the  crurcus  arise  from  the 
spinal  nerve-roots  which  ii in  eomspond  to  tin-  3rd  and  ilh  lumbar;  the  ham- 
string supply  is  from  the  5th  lumbar  and  1st  and  2nd  sacral  roots. 


Reciprocal  Action  of  Antagonistic  Muscles. — This  is  an 
interesting  branch  of  muscle  physiology  related  to  tho  question  of 
tendon    reflexes,   which   we   owe  (-searches  of  Sherrington. 

In  brief,  he  shows  that  the  inhibition  of  the  tonus  of  a 
voluntary  muscle  may  be  brought  about  by  excitation  of  its 
antagonist 

Movement  at  a  joint  in  any  <l  involves  tho  shortening 

of  one  set  of  muscles  and  tin    elongation  of  another  (antagonistic) 

et      The  stretching  of   a   muscle   produced   by   tho  contraction   of 

its    antagonist    may  excite    (mechanically)    tho    sensorial    organs 

(probably  the  muscle-s].iiMlIi  r,  see  p.   86)  in  the  muscle  that  is 

extension  ;  in  this  way  a  reflex  of  pure  muscular  initiation  may 

Ihj  started.     Experiments   show   that  electrical   excitation  of    the 

il  end  of  an  exclusively  muscular  uervo  produces  inhibition 

of  the  tonus  of  its  autagouist.     For  instance,  tho  central  end  of  the 

severn!   Ii  ncrvo  is  faradisod.     This   nerve  contains  in  the 

and    of    those   about    1810   are  sensory   in 

2  U 
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function  • ;  these  come  Cron   the  flexor  muscles  of  the  knee,  I 
from  the  skin.     The  effect  Of  the  stimulation  of  the  nerve   i 
(•■tins  of  tin-  i'v  lOflolfifl  of  the  knee  is  seen  (a)  in  elongatit 

of  those  muscles,  (b)  in   t-.-  diminution   of  the  knee-jerk. 

The  experiment  may  bo   variod  as   follows:    the   exposed   flexor 
muscles    detachod    from    the    knee,    and    therefore    incapable    of 
mechanically  affecting  the  position  of  the  joint,  are  stretched  or 
kneaded     This  produces  a  reflex  elongation  of  the  extensor  muscle 
of    the   kuee   and  u   temporary  diminution   of   the  knee-jerk, 
effects  are  in  fact  the  same  as  those  p  ad  by  faradisation  of  the 

if  the  nervi  It  may  therefore  be  : : 

reciprocal  innervation,  which  is  a  common  form  of  oo-ordinatin; 
antagonistic  muscles,  is  secured  by  a  simple  reflex  mechanism,  an 
important  factor  in  its  execution  being  the  tendency  for  the  action  of 
a  muscle  to  produce  its  own  inhibit!'  v  by  mechanical  sti: 

latino  of  ilio  sensory  apparat  antagoni 

Ob  p.  661  we  have  drawn  attention  I  >  the  three  "nervous  circles" 
bf  which  an  afferent  impulse  may  affect  tlie  motor  discharge  from 
the  anterior  horn-colls  of  the  cord;  there  is  the  short  path  by 
collaterals  of  the  entering  libre  which  pass  directly  to  these  cells,  and 
there  are  tho  two  longer  paths,  vul  the  cerebellum  and  cereli 
respectively.  In  the  oxeoution  of  a  voluntary  action  all  three  circles 
are  in  activity  to  produce  the  co-ordination  and  due  contraction  and 
elongation  of  antagonistic  muscles  which  characterise  an  etfoc 

Mil.ir  act.  he  posterior  roots  produces  not  only  an 

inability  to  carry  out  reflex  actions,  but  also  leads  to  an  inability  to 
carry  out  effectively  those  more  complicated  reflex  actions  which  are 
called  voluntary,  aud  in  which  tho  brain  participates.  Locomotor 
ataxy,  or  tabes  dorsalis,  is  a  slowly  progressive  disease,  the  anatomical 
basis  of  which  is  a  degeneration  of  the  nerve-units  of  tho  spinal 
It  is,  therefore,  analogous  to  a  physiological  experiment  in 
which  the  posterior  roots  are  divided,  and  although  fibres  may  remain 
which  still  allow  of  tho  passage  of  nervous  impulses,  the  action  of  the 
three  oirolea  is  greatly  interfered  with;  the  spinal  reflex  arc  is  at 
fault;  this  is  shown  by  the  loss  of  reflex  action,  the  disappearance  of 
thfl  tendon  reflexes,  aud  the  want  of  tonus  in  antagonistic  muscles; 
tin;  main  symptom  of  the  disease  is  want  of  muscular  co-ordination, 
and  this  is  produced  not  only  by  the  lesion  in  the  spinal  cord,  but  is 
accentuated  by  the  want  of  continuity  in  the  other  two  circles,  so 
that  the  brain  is  unable  to  effectively  control  the  motoz  Jischargo 
from  tho  anterior  cornual  cells, 

Tl  1. i  tendon  phenomena  are  important  to  the  pathologist ;  they 
oish  him  wild  a  valuable  means  of  diagnosis  in  nervous  disorders. 

'  The  number  of  sensory  nerve-fibres  is  dctcriubcd  by  counting  the  bj 
fibres  in  the  nerves  afh-r  section  of  I  lie  (interior  nerve-root*. 
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Their  usefulness  in  the  normal  state  is  very  well  put  by  Sterling  in 
the  following  words: — "Every  joint  is  protected  by  inextenBiblo 
ligaments  and  ly  muscles.  A  sodden  strain  on  u  lipament  will 
r  untax*  some  of  its  fibres,  and  perhaps  injure  the  joint  surfaces.  An 
ordinary  reflex  contraction  oonld  not  prevent  this,  for  the  misdhieJ 
would  be  done  before  the  reaction  could  take  place.  But  the  central 
nervous  system  keeps  the  muscles  awake,  so  that  they  themselves 
may  react  to  any  suddon  increase  in  the  tension  by  an  equally 
sudden  contraction  which  saves  the  joint  before  the  central  nervous 
system  has  had  time  to  become  aware  of  the  strain." 

Reaction  Time  In  Man— The  term  reaction  time  is  applied  to  the.  lime  occu- 

Eln  tiu»t  complex  response  to  a  prearranged  stimulus  in  which  the 
rein  ns  well  as  the  cord  cornel  into  piny.    It  is  ■ovaetuaei  caOed  the  / 

t<]nafi->n.  It  may  in  must  n mlih  IIMXIIUul  by  tin  ilectrii.il  method,  and  the 
mxMiiipiinv  iii>f  iliagrain  (lijf  490;  will  illustrate  one  ■  i f *  the  numerous  nrnmgcm«  nt? 
which  have  been  proposed  for  the  purpose. 

In  the  primary  circuit  two  keys  A  i>ti<l  Ji  are  Included,  and  it  eli  F»h  (1). 

nrrnngrd  to  write  on  a  Ml  Under  (fast  rat'  then  chronograph   ('_'), 

marking  1-lOQths  of  a  second,  is  placed  below  thir.       1  la:  auwiillMOl  is  per 
by  two  persons  C  ami  />.       The  key     I,  under  the  eiiiitml  of  C.  is  Opened.     The  key 
Ji,  under  the  control  of  D.  is  closed.     The  electrodes  E  are  applied  to  some  p;urt  of 
/>»  body.     C  close*  A.     The  primary  circ  i  1  the  chronograph  mores. 

As  soon  as  /'  fi-cls  the  shock  be  opens  B,  the  •  nrrent  is  thus  broken,  and  the 
chronograph  lever  returns  to  rest.  Measure  tlie  time  Ix-tween  the  two  I 
of  the  chronograph  (1).  by  means  of  the  time  tmeing  written  by  chronograph  (2). 
From  this,  the  time  occupied  by  transmission  atom;  the  nerves  his  to  l«  deducted, 
.-mil  the  remainder  is  the  r>>rr.'i'>n /■'/»■-.  It  usually  varies  fata  0*1B  to  01  second, 
but  Is  Increased  in  : — 

77/.    DBasnan.— The  primary  circuit  is  umin^rd  as   before.     Lead   the  Mires 


ftO.  490—  K«u:U-<. 


from  the  secondary  coil  to  the  middle  screw  a  of  a  reverter  without  CMC!  wires.  To 
eaeli  pair  of  end  screws,  attach  a  pair  of  electrodes  E  ami  E',  applied  to  different 
parts  of  £>'s  body  (fig.  491). 

Arrange  previously  that  J'  is  t"  "jien  H.  when  one  part  is  stimulated,  but  nor 
tlie  other,  C  adjusting  the  rercrscr  unknown  to  D.  Under  IhCM  ciri-tiiu&Unce»  the 
rcaclim  time  ll  longer. 
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The  reaction  time  in  response  to  various  kinds  of  stimuli,  sound,  !> 
i-tc,  varies  a  pood  nVal ;  th<    ooodiUoq  ->f  the  subjret  of  tin  also 


important  factor.    Tliis,  however,  is  really  a  pracboal  branch  of  psychology, 
cently  been  much  worked  at  by  students  of  that  science  (see  also  p.  204) 

Spinal  Visceral  Reflexes. 

Tbfl  spinal  grey  matter  contains  centres  which  regulate 
operation  of  certuiu  involuntary  muscles.     Some  of   these  centres 
are: — 

The  cilio-spincil  centre  controls  the  dilatation  of  the  pupil;  it  is 
situated  in  tfio  lowor  eerviual  region,  reaching  as  far  down  as  the 
origin  of  the  first  to  tho  third  thoracic  nerve. 

Subsidiary  voso-motor  centres.  Tho  principal  vaso-motor  centre 
is  situated  in  tho  bulb,  and  subsidiary  centres  are  scattered  through 
tho  spinal  grey  matter  (see  p.  299). 

Tho  same  is  probably  true  for  all  the  muscular  viscera,  but 
particular  study  lias  been  directed  to  those  in  tho  pelvis,  and  centres 
for  micturition,  defalcation,  erection,  and  parturition  are  contained  in 
tin-  liimim-sacral  region  of  the  cord.  If  tho  spinal  cord  is  out  through 
above  the  situation  of  these  centres,  the  result  is  in  general  terms 
that  any  influence  of  tho  higher  (voluntary)  centres  over  these 
actions  is  no  longer  possible.  The  actions  in  question  are  thru 
simply  redox  ones  occurring  unconsciously  at  certain  intervals,  and 
set  in  movement  by  tho  peripheral  stimulus  (fulness  of  bladder,  or  of 
rectum,  etc.).  If  the  portion  of  the  ooxd  where  theso  centres  aro 
placed  is  entirely  destvoyedj  the  result  is  paralysis  of  tho  muscles 
concerned,  though  in  sextain  cases,  even  after  such  a  severe  it 
some  amount  of  recovery  has  boon  noticed,  which  must  be  attributed 
to  the  peripheral  g.m^li  l  being  able  to  play  the  part  of  reflex  centres. 

The  viscera  are  supplied  not  only  by  efferent  (motor  and  inhibi- 
tory) nerves,  but  are  connected  to  the  central  nervous  system  by  certain 
afferent  channels,  namely  (1)  the  vagus;  (2)  the  spinal  roots  from 
the  thoracio  ami  first  two  lumbar  aervee;  ana  (3)  the  socond,  third, 
and  fourth  sacral  roots.     Under  normal  circumstances,  the  afferent 
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impulses  do  Dot  rise  into  consciousness,  and  even  on  injury  pain  is 
often  absent  In  disease  where  they  are  stirred  up  to  excessive 
action,  as  in  various  forms  of  colic,  the  pals,  however,  may  bo  intenBe. 
A  good  deal  of  pain  is  usually  "  referred  "  to  skin  areas  which  are 
"  tender,"  and  Ross's  suggestion  that  the  pain  in  such  cases  is  referred 
to  parts  supplied  by  sensory  cutaneous  fibres  ending  in  the  same 
segments  of  the  cord  as  do  the  afferent  fibres  from  the  viscera  in 
question,  has  been  amplified  and  placed  beyond  doubt  by  Head's 
researches. 

Bladder  Reflexes. — The  spinal  region  which  icta  II  the  micturition  ott 
that  with  which  tin.  first,  second,  and  third  lumbar,  and  thesecoDi  irth 

sacral  roots  are  connected.     TruifOie  section  of  the  coed  al*ait  ri  tin- 

sixth  lumbar  segnunt  [In  cat  and  rabbit)  <-uu«i  1 1 

bladder.  In  the  first  days  utter  the  operation  the  bladder  can  only  be  emptied 
by  artificial  stimulation,  ly  bv  a  light  quick  UfWHUQOB  tbl 

tended  bladder  through  the  abdominal  v.  ills,  ft  is  not  the  pressure  that  squeezes 
nut  tin-  urine,  it  merely  seta  going  a  re  Hex  in  which  contraction  of  the  detru-or  and 
relaxation  of  the  sphincter  constitute  the  final  stage.  Later  on  th«  urine  I*  voided 
"spontaneously"  at  intervals,  and  tins  ll  •  mi. illy  accompanied  by  defecation. 

<<i>ll*  ami  I'.w.ild  found  in  ilogs  in  which  the  Iowa  part  oi'  tin-  cord  had  been 
totally  removed,  that  the  bladder  finrrtrH  itself  spontaneous!)  from  time  to  time 
months  later,  but  usually  the  bladder  had  to  l>c  emptied  by  artificial  rfoni  In 
man  retention  of  urine  is  a  common  and  unuaIIv  ■  p  rmaiM  In  BJ  BBptou  aftd  a  total 
transverse  lesion  of  the  cord. 

Defaacatlon. — A  regular  expulsion  of  tweal  mutter  occurs  without  difficult  \  in 
animals  after  transverse  section  of  the  cord  In  the  upper  lumbar  regit  >n  II 
the  external  sphincter  is  generally  recovered  a  few  minutes  after  trie  operation  ;  and 
in  Goltx  and  Kwald's  dogs  the  tonus  returned  even  when  the  lower  part  ot  tin-  cord 
was  entirely  removed.  After  a  total  transverse  lesion  of  the  cord  in  man,  incontin- 
ence of  faeces  is  usually  described,  hut  (Ml  il  not  the  <is.  in  monkeys.  Gowers 
describes  two  states  in  disease  which  can  be  distinguished  by  in  trod  u  Bnga 

Into  the  rectum  :  (1 )  il  the  centre  is  InnHlllB  momentary  contraction  caused  by  local 
irritation  of  the  spliinct.  r  is  followed  by  permanent  relaxation;  (2)  relaxation  is 
followed  by  gentle  tonic  contraction  :  in  such  cases  the  reflex  centre  and  its  nerves 
an-  intact. 

Uterine  Reflexes.  —  I'terine  contractions  can  be  induced  by  rectal  injections, 
the  passage  of  a  foreign  body  into  the  uterus,  the  application  of  the  child  to  the 
breast,  und  by  other  means.  In  animals  faradisation  of  the  central  end  of  the  first 
sacral  nerve  produces  the  same  result.  The  contractions  of  the  uterus  are  therefore 
rcllcx.  Several  cases  have  been  recorded  in  which  parturition  has  occurred  normally 
in  women  who  have  had  the  cord  divided  across  completely  in  the  thoracic  region; 
il  is  IhuS  «•■.  nh-ul  ■\;r  ;  n!r<-  iiim-i  I*-  |  iimih.ir  one.  In  -u:li  CMM  the  UbflttDOaOB 
tractions  technically  called  "pains "  are  strong,  but  pain  is,  of  course,  absent  The 
communication  with  the  lumbar  region  appears  to  be  principally  by  the  first  three 
lumbar  nerves.  Similar  observations  have  been  made  experimentally  in  animals,  and 
in  one  of  Goltx  and  l\w  aid's  dogs  in  which  the  cord  had  been  removed  from  the  lower 
thoracic  region  downwards,  pregnancy  followed  coitus,  and  terminated  with  success- 
ful parturition.  The  mammary  glands  enlarge  as  usual  in  such  cases,  even  when,  as 
in  Mouth's  well-known  case  (where  the  cord  was  completely  destroyed  at  the  seventh 
thoracic  segment),  there  can  be  no  spinal  communication  between  the  pelvis  and  the 
breast. 

Erection.—  This  reflex  can  be  ev  Hi  mediately  after  h 

transverse  lesion  of  the  cord  :  so  also  can  ejaculation,  but  not  so  commonly.  The 
evidence  in  favour  of  such  acts  being  spinal  reflexes  is  very  complete  in  the  case  of 
animals. 


CHAPTER  XLVIII 

FUNCTIONS  OF  THE  CEKEBKUM 

The  brain  is  the  seat  of  those  psychical  or  mental  processes  which 
are  called  volition  and  feeling;  volition  is  the  starting-point  in  motor 
activity ;  feeling  in  the  final  phase  of  sensory  impressions. 

In  the  days  of  the  ancients  very  curious  ideas  prevailed  as  to 
the  use  of  the  brain.  It  is  true  that  Alkimion,  as  early  as  580  R.C., 
placed  the  scut  of  consciousness  in  the  brain,  but  this  view  was  of 
the  nature  of  a  guess,  and  did  not  meet  with  general  acceptance ; 
and  two  hundred  years  later  Aristotle  considered  that  the  principal 
use  of  the  brain  was  to  cool  the  hot  vapours  rising  from  the  heart. 
At  this  time,  the  seat  of  mental  processes,  especially  those  of  an 
emotional  kind,  was  supposed  to  be  in  the  heart,  an  idea  now  con- 
fined to  poets ;  or  in  the  bowels,  as  those  acquainted  with  such  ancient 
writings  as  the  Bible  will  know. 

Ah  time  went  on,  truer  notions  regarding  the  brain  came  to  the 
fore :  thus  Herophilus  (300  u.c.)  was  aware  of  the  danger  attending 
injury  to  the  medulla;  Arotams  and  Cassius  (97  A.D.)  knew  that 
injury  to  one  side  of  the  brain  produced  paralysis  of  the  opposite 
side  of  the  body  ;  and  Galen  (131 — 203  a.d.)  was  acquainted  with  the 
main  motor  and  sensory  tracts  in  brain  and  cord.  Between  that 
time  and  this,  most  of  the  celebrated  anatomists  have  contributed 
something  to  our  knowledge,  and  one  may  particularly  mention 
Vesalius,  Sylvius,  Rolando,  Gall,  Cams,  Willis,  and  Burdach;  many 
of  these  names  are  familiar  because  certain  structures  in  the  brain 
have  been  christened  after  them.  The  erroneous  notion  that  the 
brain  was  not  excitable  by  stimuli  lasted  even  to  the  days  of 
Klourens  and  Magondie. 

Effects  of  Removal  of  the  Cerebrum. 

When  the  brain  is  removed  in  a  frog,  it  is  deprived  of  volition 
and  of  finding;  it  remains  perfectly  quiescent  unless  stimulated;  it 
is  entirely  devoid  of  initiatory  power,  but,  as  we  have  already  seen, 
it  will  execute  reflex  actions,  many  of  which  are  of  a  complex  nature 

(see  p.  66$)  and  also  Chapter  L). 

i-.:s 
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A  pigeon  treated  in  the  same  way  remains  perfectly  motionless 
and  unconscious  unless  it  is  disturbed  (see  fig.  492).  When  disturbed 
in  any  way  it  will  move;  for  instance,  when  thrown  into  the  air  it 
will  fly ;  but  these  movements  are,  as  in  the  frog,  purely  reflex  in 
character. 

Iu  mammals  the  operation  of  extirpation  of  the  brain  is  attended 
with  such  severe  haemorrhage  that  the  animal  dies  very  rapidly,  Int. 


i        UH.~ Hjcwu  after  natural  of  Ibe  hainiipbarw.    fDaJton.) 

in  some  few  iws  whirre  tin;  animals  have  been  kept  alive,  the 
phenomena  tin  y  exhibit  an-  precisely  simil.ir  to  those  shown  by  a 
frog  or  pigeon.  Tn  the  case  »f  the  (log,  portions  <>f  the  rorb'x  have 
been  removed  piecemeal  bv  Unit/  ol  Strasbnri:.  until  at  last  the  whole 
of  the  cortex  baa  been  extirpated  Such  animals  carry  out  co- 
ordinated movements  of  a  complicated  character  very  well,  but  they 
manifest  no  intelligence,  and  have  cumpk!  f  memory.     They 

arc  in  a  condition  analogous  to  that  of  the  frogs  and  pigeons  just 
mentioned. 

Localisation  of  Cerebral  Functions. 

When  the  main  function  of  tin-  cerebrum  was  understood,  physio- 
logists were  divided  into  two  schools;  those  who  thought  that  the 
acted  as  a  whole,  and  those  who  thought  that  different  parti 
of  the  brain  had  different  functions  to  perforin.  One  of  the  most 
prominent  of  the  first  school  was  Flourens ;  and  (toltz,  whose 
work  has  been  done  chiefly  on  dogs,  is  the  only  eminent  living 
survivor  of  this  Bet  of  physiologists.  Gradually,  as  better  mc 
have  come  in,  and  especially  since  monkeys  have  been  used  for 
experiment,  those  who  believe  in  the  localisation  of  function  have 
multiplied ;  and  now,  localisation  of  cerebral  function  is  more  than 


a  theory,  it  is  an  accepted  fact.     Perhaps  the  beet  practical  evidence 
of  this  is  the  fact  that  ex  peri  mmt-s  on  monkejl  60  taken  as 

the  basis  for  surgical  operations  on  the  human   brain,  and   v, 
perfect  success. 

The  earliest  to  work  in  the  direction  of  localisation  were  Hitzig 
and  Fritsch.     The  subject  was  then  taken  up  by  Ferrier  and  Yeo, 
and  later  by  Schif.r,  Horsley,  etc.,  in  this  country,  and  by  Munk 
ami  many  others  In  Germany.     Id  addition  to  those  who  have  stud: 
the  matter  from  the  experimental  standpoint,  must  also  be  reckon 
the  pathologists,  who  in  the  post-mortem  room  have  examined   I 
brains  of  patients  dying  frum  cerebral  and  carefully  008H- 

pan  >n  of  the  disease  with  the  symptoms  exhibited  by 

patients  during  life.     In  this  way  two  series  of  independent  investi- 

ons  have  led  to  the  same  results;  both  methods  are  essential,  as 
niitiv    minor   details    discovered    by    the   one   method    correct    I 

erroneous  ooncfamona  widen  are  apt  to  i>e  drawn  by  those  who 
mtire  al  to  the  other. 

TJi.-  main  point  which  these  researches  have  brought  out  is  the 
overwhelming  importance  of  the  cortex;  it  contains  the   higb 
cerebral  centres.     He  fore  Hitzig  l>egan  his  work,  the  corpus  striatum 
was  regarded  as  the  great  motor  centre,  and  the  optic  thalamus  as 
hi'-f  centre  of  sensation;  very  little  note  was  taken  of  the 
cortex ;  it  appears  to  have  been  almost  regarded  as  a  kind  of  orna- 
mental finish  to  the  brain.     The  idea  that  the  basal  ganglia  v. 
important  arose  from  the  examination  of  the  brains  of  people   V 
had  died  frum,  or  at  least  suffereil  tetebral  hemorrhage. 

TIi«   most  common  situation  for  cerebral  haemorrhage  is  either  in 
the  region  of  the  corpus  striatum  or  optic  thalamus;  it  was  noticed 
that  motor  paralysis  was  the  raoBt  marked  symptom  if  the  corpus 
striatum  was  injured,  and  sensory  paralysis  if  the  optic   thalamus 
was  injured.    The  paralysis,  however,  is  due.  not  to  injury  of  the 
baial  ganglia,  but  of  the  neighbouring  internal  capsule.     The  intei 
capsule  consists  in  front  of  the  motor  fibres  passing  dov. 
cortex  to  the  cord,  and  behind  of  the  sensory  fibres  passing  up  fr 
cord  to  the  cortex  (see  p.  655).     Hence,  if  these  fibres  are  plou<\ 
up   by  the  escaping  blood,  paralyBis  naturally  is  the  result.     If  a 
haemorrhage  or  injury  is  so  limited  as  to  affect  the  basal  gauglia  only, 
and  not  the  fibres  that  pass  between  them,  the  resulting  paralysis  is 

■  t  or  absent. 

The  question  will  next  be  asked :  What,  then,  is  the  function  of 
the  basal  ganglia  ?  They  are  what  we  may  term  subsidiary  centres : 
the  corpus  striatum,  principally  in  connection  with  nt,  and 

the  optic  thalamus,  in  connection  with  sensation,  and  especially  with 
the  sense  of  vision  as  its  name  indicates. 

A  subsidiary  centre  may  bo  compared  to  a  subordinate  official  in 
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an  army.    The  principal  centre  may  be  compared  to  the  comma 
in-chief.     This  highest  officer  gives  a  general  order  for  the  movement 
of  a  body  of  troops  in  a  certain  direction ;  we  may  compare  i  his  to 
the  prinoipd  motoi  cortex  si 

a  certain  movement  in  a  limb.    But  the  gea<  notgivi 

order  himself  to  each  individual  soldier,  any  more  than  the  OSXSbral 
cortex  does  to  each  individual  muscle;  but  the  order  is  first 
to  subordinate  officers,  who  arrange  exactly  how  the  movement  shall 
be  executed,  and  their  orders  are  in  the  end  distribute. I   to   the 

i-lual  men,  who  must  move  in  harmony  with  lima  with 

regard  to  both  time  and  space.    So  the  subsidiary  uervo-centri 

inns  of  ri-l.iy  enable  the  impulse  to  be  widely  distributed  by 
collaterals  to  numerous  muscles  which  contract  in  a  similar  orderly, 
harmonious,  and  co-ordinate  manner. 

There  is  just  the  same  sort  of  thing  u  ..rse  direction  in 

the  matter  of  sensory  impulses.  Just  as  a  private  in  the  army, 
when  he  wishes  to  communicate  with  the  general,  does  so  through 
<»ne  or  several  subordinate   officers,  so  the  sensory  impulse  passes 

Igh  many  cell-stations  or  suhsiili;,  es  on  the  wuy  to  the 

i  centre,  where  tla-  mmi  ii  ;  caUnd  Bonsstionj  thai  is, 

tho  appreciation  of  the  impulse,  takes  place. 

There  are  two  great  experiment  a  1  D  DMd  f<»>-  dot. 

the  function  of  any  part  of  the  cerebrum.  The  first  is  stimulation ; 
the  second  is  extirpation.     These  tmOBt  explain  themseiTSSi 

in  stimulation  a  weak   im  |   induction  |  h  applied  by 

in, 'in-  .<!  electrodes  to  tin  investigation, and  tin- 

resulting  movement  of  the  muscles  of  the  l>ody,  if  ;my  occurs,  is 
noticed  En  ■  /ation  tin*  pieoe  oi  brain  is  ramovedtaoa  the  result- 
ing paralysis,  if  any,  is  observed. 

It  ii  essential,  when  the  experiment  of  stimulating  the  cortex  of  the  hm 
being  performed,  that  the  animal  should  Ik-  anrrsthelised.  otherwise  voluntary  or 
rellex  actions  will  occur  which  mask  those  produced  by  stimulation.  If.  however, 
the  animal  U  too  deeply  under  tin-  influence  of  a  narcotic  the  brain  is  inevitable. 
On  p.  371*  Outfall  <-.\|K:riiiients  with  methylene  blue  arc  described.  In  an 
ii  ■•!,■:.  .1  animal  the  brain  is  inactive,  and  it  the  pigment  is  injected  into  the 
blood,  the  brain  is  seen  to  be  of  a  blue  colour,  if.  however,  a  spot  of  the  cerebral 
surface  is  stimulated,  thnt  part  of  the  brain  is  thrown  into  action,  oxygen  is  used 
up.  and  the  methylene  blue  u  reduced,  and  in  consequence  that  area  of  the  brain 
loses  its  blue  tint!  If  the  animal  is  so  deeply  narcotised  that  Uic  brain  does  not 
discharge  an  impulse,  the  part  stimulated  remains  blue. 

By  such  means  the  cortex  has  been  mapped  out  into  what  we 
may  provisionally  term  motor  areas,  and  sensory  areas. 

Motor  areas. — These  areas  are  also  termed  senaori-motor  or 
kinastfulit,  for  reasons  which  will  be  explained  more  fully  later. 
The  name  Jiolandic  area  which  they  have  also  received  is  derived 
from  their  anatomical  position. 

Stimulation  of  them  produces  movement  of  some  part  of  the 
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opposite  side  of  the  bod  of  the  same  spot  is  always 

followed  by  the  same  movement  in  the  same  aniuiaL    In  different 

animals   excitation  of   anatomically    corresponding   spots    ]i 
similar  or  corresponding  results.     Tt  is  this  which  has  enabled  one 


MID.  BRAIN 

I  'i. ,    4  /!-.— l*t>piianlloii  after  d«tru<rUoc  of  Mm  IIoUimIIc  »re«  oS  tli*  rjgtit  liMhfeplitr*. 
( Aflrr  thimmt.) 

to  apply  the  results  of  stimulating  areas  of  the  monkey's  hraui  to 
the  elucidation  <>f  tli-    fnm  i i..n  ol  1 1 1 » -  similar  I -rain  of  man. 

If  the  stimul.-it.iuii  used  is  fcOO  DQ1KM  result  is  a  move.'1 

of  other  parts,  nrnl  tderabta  portion  of  tht-  body  may  l«e  thrown 

into  convulsive  movements  similar  to  those  seen  in  epilepsy. 

Extirpation,  or  removal,  of  these  areas  produces  paralysis  of  the 
same  muscles  which  are  thrown  into  action  by  stimulation. 

The  degeneration  tracts  after  destruction  of  the  Kolandic  area 
are  shown  in  fig.  493. 

The  shaded  area  in  each  caBe  represents  the  injured  or  degenerated 
material;  A  in  the  cortex,  B  in  the  anterior  part  <>t  the  posterior 
limb  of  the  internal  capsule,  c  in  die  of  the  crusta  of  cms 

and  mid-brain,  d  in  the  pyramidal  bundles  of  the  pons,  b  in  the 
pyramid  of  the  bulb,  and  ?  in  the  crossed  and  direct  pyramidal 
tracts  of  the  cord. 

Sensory  areas.— Stimulation  of  these  produces  no  direct  n. 
ments,  hut  doubtless  sets  up  a  sensation  called  a  subjective  sensation  ; 
that  is,  one  prodooed  in  the  animal's  own  brain,  ami  this  indirectly 
leads  to  movements  which  are  reflex ;  thus  on  stimulating  the 
auditory  area  there  is  a  pricking  up  of  the  ears;  on  stimulating  the 
visual  area  there  is  a  turning  of  tho  head  and  eyes  in  the  direction 


fill.  XI.VIT1  ) 


.TArKRONTAV    EPILEPSY 


of  the  supposed  visual   impulse.     That  such  inovenieut-s  are  reflex 

and  not  draet  is  shown  by  the  long  period  of  delay  ing 

■  i'1-ii  the  stimulation  and  the  movement 

aiea  leads  to  loss  of  the  sen*  in  question 

The  rougher  experiments  perfotmed  by  baton  in  the  shape  of 
diseases  of  the  brain  .pr  responding  results. 

Some  diseases  are  of  the  nature  of  extirpation. 

An  instance  of  this  is  cerehral  hemorrhage.  1 1  the  hemorrhage 
is  in  the  region  of  the  internal  capsule,  it  cuts  through  fibres  to  the 
muscles  of  the  whole  of  the  opposite  Bide  of  the  Itody,  as  they  are 
all  collected  together  in  .  i  compass,  and  the  condition  obtained 

is  called  hemiplegia.  The  varieties  of  hemiplegia  are  numerous, 
according  as  motor  or  sensory  fibres  are  most  affected,  and  in  one 
variety  of  hemiplegia,  called  crossed  hemiplegia,  the  face  is  paralysed 
on  one  side  of  the  body,  the  limbs  on  the  other;  this  in  due  to  injury 
of  the  nerve-tracts  in   the   bulb,  subsequent  to  the  crossing  of  the 

Bines  tn  the  rradeofl  of  the  seventh  nerve,  but  above  the  crossing  of 

If  now  the  haemorrhage  occurs  on  the  surface  of  the  brain,  a  much 
moTo  limited  paralysis,  called  monoplegia,  is  the  result;  if  the  arm  ana 
is  affected,  there  will  be  paralysis  of  the  opposite  arm;  if  the  leg 
area,  of  the  opposite  leg;  if  a  sensory  area,  there  will  be  loss  of  the 
corresponding  sense. 

Some  diseases,  on  the  other  hand,  act  as  the  induction  onmnfel 
do  in  artificial  stimulation;  they  irritate  the  surface  of  tb 
such  a  disease  is  a  tumour  in  the  membranes  of  the  brain ; 

if  the  tumour  irritates  a  puss  OX  the  motor  area,  there  will  be 
involuntary  movements  in  the  corresponding  region  of  the  bodj  : 
these  movements  may  culminate  in  the  produrtmn  ol  epOejptiform 
convulsions  commencing  in  the  arm,  leg,  01  Othex  port  01  DM  bod? 
which  corresponds  to  the  brain  area  irritated.  It  is  these  cases  of 
"Jacksonian  Epilepsy"  which  have  given  the  best  results  in  surgery ; 
the  movement  produced  is  an  indication  o!  the  area  of  the  brain 
which  is  being  irritated,  and  the  surgeon  after  trephining  is  able  to 
remove  the  source  of  the  mischief.  If  the  area  of  the  brain  which 
is  irritated  is  a  sensory  aTea,  the  result  produced  is  a  suhjcci. 
sensation,  similar  to  what  we  imagine  is  produced  in  animals  with 
an  electric  current 

We  may  now  proceed  from  these  general  considerations  to 
particular  points,  and  give  mapB  of  the  brain  to  show  the  area? 

8  been  speaking  of. 

Figs.  494  and  495  a  of  the  dog's  brain.     It  is  convenient 

to  take  this  first  because  it  was  the  starting-point  of  the  experimental 
work  on  the  subject  in  the  hands  of  Hitzig  and  Fritsch.  If  Lin-  text 
beneath  the  figure  is  consulted,  it  will  be  seen  that  the  motor  an 
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number  of  circles,  stimulation  of  each  of  which  produced  movements 

of  various  sets  of  muscles,  face,  arm,  and  leg  from  below  upwards ; 

extirpation  of  these  samo  areas  produced  the  corresponding  paralysis. 

It  will  be  further  noticed 

that    these  areas  are  all 

grouped  around  the  fissure 

of   Rolando,    particularly 

iii  the  ascending  frontal 

and  ascending  parietal  con- 

volutions;  hence  the  term 

Rolandic    area    which    is 

often     applied     to    this 

region  of  the  brain. 

Most  of  our  know- 
ledge-concerning the  locali- 
sation of  the  sensori-motor 
area  in  the  human  brain 
has  been  deduced  from  ex- 
periments on  the  lower  monkeys. 
Valuable  as  such  knowledge  is, 
infinitely  more  useful  knowledge, 
from  the  standpoint  of  the  human 
brain,  would  be  obtained  by 
examining  the  brains  of  those 
monkeys  nearest  to  man,  which 
are  known  as  the  anthropoid  apes. 
The  difficulty  and  expense  of  ob- 
taining such  animals  has  hitherto 
deterred  investigators  from  per- 
forming such  experiments.  Btor- 
sloy  and  Beovor  examined  the 
brain  of  an  orang-outang  some 
years  ago,  and  now  Sherrington 
and  Griinbaum  have  made  a 
number  of  experiments;  several 
specimens  of  two  species  of  chim- 
panzee, the  orang  and  the  gorilla, 
have  been  examined.  Their  con- 
clusions are  of  great  importance. 
The  figure  on  p.  687  (fig.  498) 
of  the  chimpanzee's  brain  shows 
what  has  been  found ;  the  orang 
and  the  gorilla  gave  practically  the  same  results,  and  no  doubt  the 
huinim  brain  woull  giv8  identical  results  also  if  it  could  be  exai 

The  method  used  is  to  expose  the  brain  in  an  anasthetised  animal, 
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.'M  au<l  497 — Iftacnun*  of  mookay'a  U»m 

to  ibuw  ibm  WlhcU  of  electric  iUhiuIi'., 
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Bad  thoroughly  explore  il   writha  rrent,  01 

being  placed  on  tho  brain,  and  the  other  attached  tc 
part  of  the   iiimal's  body.     This  allows  of  finer  localisation  thai 
possible  with  the  ordinary  double-point  electrodes. 

The  so-called  "motor"  ares  includes  continuously  the  whole 
length  of  the  ascending  frontal,  or  as  it  is  sometimes  called,  the  pre- 
central  convolution.  It  never  extends  behind  the  central  sulcus,  or, 
as  it  is  sometimes  called,  the  fissure  of  Kolando.  On  tho 
surface  it  extends  but  a  short  disstance,  and  never  as  far  as  the 
calluso-marginal  fissure.  The  motor  area  extends  also  Into  the  depth 
of  i  idic  and  oftfitt  fissures;  tho  part  of  i table  area 

thus  hidden  equals  or  may  even  exceed  that  on  the  free  surface  of 
the  hemisphere  The  arrangement  of  tho  various  regions  of  the 
musculature  follow  the  segmental  sequence  of  the  cranio-spinal  series 
to  a  remarkable  extent;  in  fact,  the  excitable  area  may  be  compared 
to  the  g]  rd   upside  down.     The  accompanying  figure  ir 

this  better  than  any  verlul  AfiBOriptL 

Tho  sulci  in  the  region  of  the  cortex  dealt  with  cannot  be  con- 
sidered to  act  as  physiological  boundaries,  and  the  variations  in  the 
sulci  in  these  higher  brains  are  so  great  that  they  prove  to  be  pre- 
carious or  even  fallacious  landmarks  to  the  details  o  rue 
topography  of  the  cortex. 

It  cannot  fail  to  strike  even  a  superficial  obsorver  how  large 
the  cortical  area  is  that  deals  with  movements  of  the  head  and  arm 
regions  when  compared  with  that  of  the  lower  limb,  and  Btill  more 
with  that  of  the  trunk.  The  trunk  itself  has  a  larger  mass  of 
muscular  tissue,  but  it  is  in  the  head  region  (which  includes  the 
complex  movements  of  the  tongue  and  such  structures  as  the  vocal 
cords)  and  in  tho  arm  and  hand  that  the  movements  aro  most  varied 
and  most  delicate.  No  doubt  this  is  the  explanation  of  the  grea 
size  of  their  cortical  representation. 

The  experiments  of  extirpation  confirm  those  of  stimulation  ;  for 
example,  extirpation  of  the  hand  area  is  followed  by  severe  paralysis 
of  the  hand,  but  in  a  few  weeks  use  and  power  return  in  a  remarkul  1  • 
degree.  On  the  other  hand,  ablations  of  even  larger  portions  of  the 
parts  behind  tho  Rolandic  fissure  do  not  give  rise  to  oven  transient 
paralysis,  aud  do  not  lead  to  degeneration  in  the  pyramidal  system 
of  fibres. 

Sherrington  and  Grind  auin  also  found  that  the  part  of  the  frontal 
region  which  yields  conjugate  movements  of  the  eyeballs  is  separated 
from  the  Rolandic  area  by  a  field  of  "  inex citable  "  cortex.  As  to  tho 
occipital  lobe,  only  from  its  extreme  posterior  apex  did  faradisation 
yield  any  movement  of  the  eyes,  and  then  not  easily.  This  becomes 
intelligible  uu  histological  examination;  tho  large  motor  cells  in  the 
deeper  layer  of  i  red  that  they  are  called 
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"  ,    1 1  i-  -  i  i    |  tO  1  D6    I    lUlfl  moi  0    Milcli-i,  a: 

the  pathway  I   provided  for  tl  I         rd&ncs 

with  the  n<r<-'  vision. 

The  rn-irginul  cunvohlQon  "'■  the  mesial  surfare  ..f  the  hemisphere  wjis  1 1 r.-. f 
inv.  -tigatcd  by  Sch  i  i  mil  llorslcy,  in  the  lower  monkeys.  Tluy  found  in  these 
nnlmuls  that  it  contained  a  rnnsidrrulilr  extension  nt  tin-  '  uuitnr"  ana,  including 
tli..-  coitfcal  I  , utres  Cor  the  trunk  ThU,  at  any  rate.  Is  not  the  ease  f><<  tbfl 

higher  «!•«•».  and  therefore  probably  Is  not  true  for  num. 


Anu%  i  .agma 
Sidcus 

■ 


.Chett 


Opening 
ofj&w 


cord  a 


M&sticat>or~ 


Put.  4tM.— Brain  of  Chhupaoree.  I*ft  hambphere  rjew.1  firm  ilde  and  abore  an  aa  obtain  the 
Coafttroratlon  of  the  Itolamltc  area.  The  Ihrure  luvolvee  eome  foreehcirtoiili*  about  both  eode  of 
the  eolcu*  oentraMe  or  Aaaure  of  Rolando.  The  •nms  of  the  ao-valled  motor  arc*  on  the  free 
»irf*f»  of  tha  hemlephore  b  Indicated  by  Week  etlpellrv  which  extend*  beck  to  tha  central  eafcne. 
Vucli  of  tha  "  motor  "  area  to  bidden  in  eidrt  ;  for  toaUiice,  It  iztaoi]*  Into  both  tha  oaotraj  and 
pracentn)  anlrt.  Tha  namaa  prmuu  in  c\plUle  on  tha  etlpple.1  ana  tndteato  tha  main  euMlrtaione 
of  tha  "motor"  area;  tha  nai  :i    iQtaSde  th«  brain  Indli-ato  L.y  UMr  pointing  IIimm 

acme  of  tha  chief  aabdivtotont  of  tha  main  area*.  Hut  there  to  much  overUppinji  of  tha  areaa  » lilrh 
It  to  m-itiMMililato  in.llrata  In  »  diagram  of  Ihia  Wad.  The  tbaded  ratrkui*  marked  "eyea"  In  tha 
fn  ntaJ  eu-l  owlpllei  redone  Indicate  the  areaa  which  under  fiu-a/ ibatlon  yield  conjagate  movemeote 
of  lha  arabeJto.    They  ere  narked  In  vertical  ehading  Instead  of  aUppI  liie  "motor" 

area.    8.F.     »>i|-rhir  frontal  «<:!<  "«.     ».I*»      ■ w perl ■>!  preceutral  (ulcus.     LIT 
mlcua.    (AflerSharrlugtooacd  Qrvmbauni.) 

In  exporimonts  on  unilateral  extirpation  in  animals,  and   in 
(Instructive  lesions  of  ono  sido  of  tho  brain  in  man,  it  is  the  muscles  "; 
which  act  normally  unilaterally  which  are  most  paralysed. 
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muscles  which  normally  move  bilaterally,  e.g.  the  chest  muscles  in 
breathing,  the  trunk  muscles  in  maintaining  an  erect  position,  are 
comparatively  little  affected ;  the  spinal  centres  of  such  muscles  are  no 
doubt  connected  by  commissural  fibres,  and  therefore  can  be  affected 
from  both  sides  of  the  brain. 

The  following  diagram  is  an  instructive  one  indicating  the  relative 


rs. 


Fi- 1.  499.— Diagram  to  show  the  relative  positions  of  the  several  motor  tract*  In  their  coon*  tram  the 
cortex  to  the  mm.  The  section  through  the  convolution*  la  vertical ;  that  through  the  Internal 
capsule,  I,  C,  horizontal ;  that  through  the  cms  also  horizontal.  C.N. ,  caudate  nucleus;  O.TH., 
optic  thalamus  ;  1/2  an-1  1.8,  niM'lle  and  outer  part  of  lenticular  nucleus  ;f,a,l,  face,  arm,  and  leg 
libra.  'Die  words  in  italics  indicate  corre*i>onding  cortical  centres;  F.8.,  Assure  of  Sylvius. 
(Dowers.) 

positions  of  the  principal  motor  fibres  in  their  course  from  cortex 
to  the  crus.     The  letterpress  beneath  it  should  be  carefully  consulted. 


V1SUO-  PSYCHIC   SPHERE 
'is  JO -SENSORY   SPHCRC 


TASTt 

AKD 

SMELLI 


Kio.  500. — L«ft  cen-bral  hemisphere,  outer  surface.    Tli»-  lulu-*  and  the  principal  sulci  are  Indicated  \$f 
th-ir  initial  letters ;  A.K.M.,  anterior  i-eiitre  for  cjo  movements ;  D.C.,  Broca's  convolution. 

The  Speech  Centre. — Fig.  500  is  an  outline  map  of  the  left 
cerebral  hemisphere  in  man.     The  speech  centre  is  surrounded  by 
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a  dotted  circle.     There  are  other  centres  concerned  in  speech,  as 
we  shall  see  when  considering  the  question  of  association  fibres 
>5);  but  this  is  the  centre  for  the  muscular  actions  concerned 
in    speech.    The  discovery  of  this  centre  was  the  earliest  fe 
t.ii"  <iii action  ol   Gerebral   la         ion.     It  was  discovered  bi   a 

French  physician  named  BfOMi  hn  noticed  that  patients  who  died 
after  haunorrhago  in  the  brain,  but  who  previous  to  death  exhibited 
a  curious  disorder  of  speech  called  aphasia,  were  found,  after 
death,  to  have  the  seat  of  the  haemorrhage  in  this  convolu- 
tion. The  convolution  is  generally  called  Broca's  convolution. 
Experiments  on  animals  are  useless  in  discovering  the  centre  for 
speeoh.  Sherrington  aud  QrfULbaum  brand  in  the  higher  apes  that 
faradisation  of  the  Brooa  area  does  uot  evoke  vocalisation. 

The  most  curious  fact  about  the  speech-centre  is  that  it  is  uni- 
lateral; it  is  situatod  only  on  the  left  side  of  the  brain,  OXOept  in 
loft-handed  people,  irhese  it  is  on  the  right  We  are  thus  left- 
brained  so  far  as  the  liner  movements  of  the  hand-muscles  are  con- 
cerned, as  in  writing,  ami  we  are  also  lel't-f  regard  to  B] 
an  action  intini.it..-l\  associated  with  writing. 

The  visual  area  i.s  in  the  occipital  lobe.     BomovsJ  oi  one  Oooipi- 
tal  lobe  in  a  monkey,  or  disease  of  that    tobti   Ifl    man,  pi 

ness  of  the  aame  nde  ol  each  retina,  ot  inabiKtj  I  be  opposite 

hall  of  tbe  visual  field  This  is  called  hemianopsia  ;  the  bead  and 
eyes  are  turned  to  one  aid  '■'.gate  deviation  be  the  side 

injury).     Such  an  operation  does  not  den  ion  in  the  Bantu] 

portion  {morula  lutea)  ->f  either  retina,  because  each  macula 
impulses  tn  both  i   the  brain.     Tho  macula  is  found  m 

monkeys  and  man.     Stimulation  of  one  visual  area  leads  to  a  iv 
tive  sensation  apparently  coming  bom  the  aame  halves  of  both  retina?, 

and  also  excites  Hie  iin.tor  evils  (solitary  cells,  set-  p.  886)]  this  pro- 
duces conjugate  deviation  of  h  yet  towards  tbo  opposite  side 
to  that  stimulated. 


I'll  a  Optfe  r.idintious  I'unsist  of  (1)  sensory  fibres  from  the  optk  tracts  rid  tlie 
external  geniculate  bodies;  (2)  motor  fibres  to  the  centres  fur  eye  -movements;  and 
(3)  association  fibres  which  arc  lust  developed.  The  last  named  link  one  convolu- 
000  id  otherSi  Ud  Mi<-  two  hemispheres  together,  and  bring  niwxit  association  of 
ideas  of  vision  in  both  hemispheres,  and  with  other  sensations.  A  large  collection 
of  such  fibres  runs  borbootauj  through  the  grey  Baiter.  Hill  white  stripe  is  visible 
to  the  naked  eye ;  it  I  I  nnJCau  mark  of  the  rUiio-seiuwy  eorUee,  and  Ifl 

the  lint  of  Oennari.     The  growth  of  the  nest  parietal  association  centre  pushes  the 
visuo-scnsory  ttflj  in  man   mainly  on  to  the  tin  MM    if  the  hetol 

area  4  in  figs.  r>0«,  507,  p.  696).     rh-  yekie  region  (fig.  500)  has  no  B 

Gcnnari,  but  possesses  many  pyramidal  cells  in  its  outer  layers.  wUefa  pi  q   the  part 
ofassocfaUon  anBa  whera memory  phtrea  an  '''"r  KaflaMoofl  corre- 

lated with  those  from  other  sense-organs  ;  the  higher  one  ascend--  the  animal  scale, 
thfl  greater  00000101  the  depth  of  this  layer.     Tin:  eye  rentr  -  ni.il  lobe  is 

separated,  as  in  the  higher  a|>es,  by  inexdtabie  -crey  mutter  from  the  real  of  the 
sciisori-motor  area.     In  the  lower  monkeys  the  anterior  eye  centre  is  not  insulated 
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in  this  way.     No  cortical  centre  is  purely  motor  or  purely  »en»ory.  and  thts  one. 
-h  usually  called  motor,  has  its  sensory  complement  probably  from  the  eyeball* 
and  eyelids  (Mh  nerve).     The  newly  developed  prey  matter  between  it  anil 
Kotandic  region  >s  an  area  probably  concerned  in  the  association  of  eye  mover  i 
wjth  equilibration  and  the  maintenance  of  the  erect  |  ire  know  that  the 

fibres  from  the  frontal  lobe  n  the  cerebellum  are  very  numerous. 


The  auditory  area  is  in  the  posterior  purl  of  the  upper 
convolution,  and  is  connected  to  the  visual  by  am  vri.     Taste 

and  smell  are  <-l  rebralareai- 

convolution  and  tip  of  the  temporal  lobe    This  part  is  enlarged  in 
.Is  with  a  keen  sense  of  am- II. 

M unk's  view,  supported  in  this  country  by  Baatian,  Molt,  and 
numerous  others,  is   that   the    sensory  fibres  from   tho  skin  and 
muscles    terminate    in    the    Rolandic    area;    and   tho   histological 
researches  of  Golgi  and  Ramon  y  Cajal  (see  figs.  479  and 
to  the  same  conclusion.     This  is,  in  fact,  what  ono  woub 
volition  and  fooling  are  associated  together  so  closely  physiolog .". 
that  anatomically  we  should  expect  to  find  the  commencement  of  the 
volitional  fibres  contiguous  to  the  terminations  of  the  sensory  fibres. 

this  is  really  the  case  has  been  shown  by  a  careful  oxamit 
of  the  sensation  in  animals  in  which  the  Rolandic  area  has  been 
removed,  and  in  oases  oi  hemiplegia  in  man.    A  delicate  testis  to 
place  a  clip  SB  the  fifteen  Of  toes,  taking  owe  the  animal  does  not 

be  olip  put  mi.      If  tb  iss  of  tactilo  sensibility  tho  mo 

either  takes  no  notion  at  all  of  the  slip  or  removes  it  aftor  a  long 
delay.  Whereas  if  sensation  is  pe.rfoot  tho  monkey  at  onco  seizes  the 
clip  and  flings  it  away.  It.  is  found  t hat  the  intensity  of  both  the 
motor  and  Bensory  paralysis  are  directly  proportional  to  each  other. 
Hence  tho  term  motor  area,  which  we  have  boon  provisionally 
employing  tor  Lho  Rolandic  area,  should  lie  replaced  by  tho 
correct  term  sensorl-motor  or  kinesthetic  area.  These  new  terms 
indicate  that  what  n  ri   in   the  Rolandic  area  is  a  sense  of 

movement,  and  this  acts  as  a  stimulus  vid  the  pyramidal  tracts  to  tho 
true  motor  centres  which  are  in  the  opposite  anterior  horn  of  the 
spinal  cord.  If  the  posterior  roots  of  tho  spinal  nerves  are  divided 
there  is  a  loss  of  sensation,  and  so  the  sonse  of  movement  cannot 
roach  the  brain  from  the  muscles,  and  consequently  the  muscles  are 
not  called  into  action  ;  when  all  tho  posterior  roots  coming  fi 
limb  in  a  monkey  are  cut,  the  muscles,  so  far  as  voluntary  n 
ments  are  concerned,  aro  in  fact  as  effectually  paralysed  as  if  the 
anterior  roots  of  the  spinal  nerves  had  been  cut.  The  muscles, 
however,  do  not  degenerate  as  they  would  if  the  anterior  roots  had 
l>een  cut.  Tlioy  merely  undergo  a  small  amount  of  wasting  duo  to 
want  of  use  ("disuse  atrophy  "). 

Pi  of.  Schafor  is  ono  prominent  worker  who  has  not  accep 
Mimk'd  views  on  this  subject.     Ho  still  regards  the  Rolandic  area 
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essentially  motor  in  function.  Naturally,  he  does  not  deny  that  it 
has  connections  with  sensory  fibres,  but  he  considers  it  incorrect  to 
speak  of  the  area  as  a  sensory  one.  He  has  produced  iujurios  of  the 
area  without  obtaining  any  loss  of  sensation,  sod  in  testing  the 
Bensations  of  his  monkeys  employs  the  method  of  stroking  the  skin, 
which  he  regards  as  more  trustworthy  than  SchifFs  clip  test.  The 
sensory  disturbances  observed  by  others  he  regards  as  due  to  general 
disturbance  of  the  brain  produced  by  the  severity  of  the  operation. 

On  referring  once  more  to  the  maps  of  the  brain,  it  will  be  seen 
that  there  are  many  blanks ;  one  of  these  is  in  the  anterior  part  of 
the  frontal  region.  Extirpation  or  stimulation  of  this  part  of  the 
brain  in  animals  produces  but  little  result.  The  large  size  of  this 
portion  of  tho  brain  is  very  distinctive  of  the  human  brain,  and  it 
has  therefore  boon  supposed  that  here  is  the  seat  of  the  higher  intel- 
lectual faculties.  Such  a  question  is  obviously  very  difficult  to 
answor  by  experiments  on  animals.  Both  experimental  physiology 
and  pathology  have  localised  the  sensory  areas  (and  sensations  are 
the  materials  for  intellect)  either  within  or  behind  the  Kolandic  area, 
but  this  does  not  necessarily  mean  that  the  frontal  convolutions  have 
nothing  to  do  with  intellectual  functions.  The  celebrated  American 
crowbar  accident  is  generally  quoted  as  a  proof  to  tho  contrary; 
owing  to  the  premature  explosion  of  a  charge  of  dynamite  in  one  of 
tho  American  mines  a  crowljar  was  sent  through  the  frontal  region  of 
t.ho  foreman's  head,  (Amoving  the  anterior  part  of  his  brain.  He  is 
usually  stated  to  have  subsequently  returned  to  his  work,  without 
any  noteworthy  symptoms.  Recent  examination  of  the  records  of 
tho  case  has  shown  that  this  is  not  correct ;  when  he  returned  to 
work  he  was  practically  useless,  having  lost  just  those  higher 
functions  which  are  so  important  in  the  superintendence  of  other 
pi-ojil.-.     Mull's  obf  i    lunatics   show   that  this  region   is 

iinpiil;mi  foe  intellectual  OMfioatioiiB,  tiiuiigh  not  so  important  as  the 
parietal  association  area  behind  the  Bohmdfn  ana;  tine  greater  the 
intellectual  development,  the  larger  and  more  convoluted  does  this 
parietal  region  becoma 

The  association  fibres  have  been  the  subject  of  special  study  by 
Flechsig,  who  has  shown  that  in  the  development  of  the  brain  these 
are  the  last  to  become  myelinated ;  white  fibres  do  not  Ixjcome  fully 
functional  until  they  receive  their  medullary  sheath.  This  coincides 
with  tho  well-known  fact  that  association  of  ideas  is  tho  last  phase  in 
the  psychical  development  of  the  child.  It  has  been  shown  that  the 
frontal  convolutions  are  connected  by  important  association  tracts 
with  the  more  posterior  regions  of  the  brain,  and  that  there  is  there- 
fore no  difficulty  in  understanding  that  the  frontal  convolutions  play 
the  part  of  a  centre  for  the  association  of  ideas,  or  in  othor  words  for 
intellectual  operations. 
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Function  and  Myelination. 

Flechslg's  eiubryuingical  method  has  given  us  most  valuable  knowledge  of  the 
structure  and  functions  of  the  human  brain.  The  method  depends  on  the  fact  that 
vurimis  tracts  of  I  Hires  become  myelinated,  ut.,  acquire  their  medullary  sheath  at 
micvssive  periods  of  time  in  development.     The  myelin  sheath  appears  three  or 

I  lis  ufu-i  the  axil  cylinder  ■  formed.  The  Weigerl  metliod  of  staining  renders 
Hi  -  ili-ic  lion  of  a  iiu'dulLiry  sheath  an  easy  task,  rkvhsigs  metliod  is  in  short  the 
reverse  of  the  WaUcrian  method.  In  the  former  method  the  tracts  arc  iso 
tin?  differeiu-cs  in  the  origin  uf  the  merlin  sheath :  in  tlie  latter  method,  the  same 
object  is  obtained  by  observing  the  cfegeneration  which  is  most  noticeable  in  the 
MM  sheath. 

In  the  central  nervous  system,  the  afferent  projection  fibres  are  myelinated  first ; 
tlie  efferent  projection  fibres  and  the  association  fibres  are  myelinated  later.      I 
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■  ii'"l.— Dlajrim  of  vorttoal  Miction  throi\s>i  brain  of  a«»  '  Pl*ch»itc« 

|thutoKri['lit.    TUfi  Mctkra  »»i  trMtml  by  W«tK"tt'i  m«Ui>.-l,  by  which  mysllitaUtl  Obras  »f 
•Uinr.i.     attSOtta  l<   l.-fc»ii  to  th«  <)«*[•  «h*-lln    i  ti*  owitrai  liu-irc, 

which  corraapdiflN  to  th«  maJorl-motor  mm,  »o<t  a'.xu  arouii  m  lis*  rUtutt 

»ph«nt.    Tli*  astodauVra  libra*  »w  •■  »l  •.fereat  ojratam 

tiara  »l to  no  myelin.     M.o.,  instills  oblongata;  P.V.,  pen*  Varolii ;  n  M.N..  oculomotor  uarv«; 
Inure;  J.A.C..  frjutal  aaaocUUoa  (Un;  '  ■  caJloauui ;  O.F..  central 

Hanoi*,  or  liuura  of  Rolan  lo;  r  K.O.,  poMertar  anodaiion  eantre;  V.S.,  vkwal  cphen;  C.oere- 
ball  i 


in  the- human  fetal  the  peripheral  IMlVia  and  nerve  roots  become  myelinated  In  the 
fifth  month  of  intrauterine  life  ;  of  the  tracts,  in  the  cord,  those  of  Burdach  and  Goll 
{•MOM  fibres  springing  from  the  cells  of  the  spinal  ganglia)  arc  the  first  to  be 
myelinated  ;  ne\t  come  the  tracts  of  Flechslg  (dorsal  cerebellar')  ami  of  Gowers 
(ventral  cerebellar) :  these  are  i  fibres  springing  from  ecus  within  the  cord. 

All  these  tracts  an:  afferent.     The  pyramidal  tracts,  tlie  great  efferent  or  m 
channels,  are  not  myelinated  until  after  birth.     The  whole  afferent  tract  is  myelinated 
at  birth;  these  fibres  tort  i  been  exercised  in  conveying  impressions  to  tlie 

afferent  r  oeptforj  i  entree,  the  stimuli  arising  from  contact  of  the  firtal  integuments 
with  the  maternal  tissues.     There  is  also  early  inych'nation  around  the  calcaxinc 
fissure  in  the  visual  sphere,  and  in  connection  with  the  areas  related  to  other  sjm> 
senses.     This  is  shown  in  figs.  501  and  602,  where  the  condition  at  birth  and  that 
some  months  utter  are  compared. 

lisig  considers  that  at  least  two-thirds  of  the  cortex  consists  of  neurons  of 
association,  and  further  that  these  association  centres  possess  no  neurons  of  the 
cltcrcnt  or  afferent  projection  systems.  The  last  part  of  this  statement  is  prob- 
ably not  correct,  and  has  not  "been  accepted  in  its  entirety  by  the  majority  of 
neurologists. 

Ami  Held  confirm  Fhvhsig  in   finding  that    the  afferent    fibres  are 


CIL  XLVIII.] 


ASSOCIATION    FIBRES    ANT>    CENTRES 


C.F. 


v.s 


Dated  before  the  efferent,  in  tin-  central  nervous  system,  but  In  lb*  ease 
of  I b<-  nerve-roots  this  is  reversed,  the  anterior  root  fibres  being  myelinated  before 
the  posterior. 

II -Id  has  also  demonstrated  the  important  influence  of  stimulus  on  myelinatton. 
His  ex  were  made  on  cats,  dogs,  and  rabbits,  which  arc  born  blind.     If 

bght  is  admitted  to  one  rye  by 
opening  the  lid.  more  obvious 
myclinntion  is  found  In  t 
responding  optic  nerve,  than  in 
that  of  tbr  opposite  side.  This 
is  not  due  to  the  irritation  caused 
by  forcibly  opening  the  lid.  for  if 
the  lid  be  opened  and  the  an  1111.1 1 
kept  in  the  dark,  no  difference  in 
lii-  iiiyi'l iiiation  of  the  two  optic 
is  observable.  Klechxig 
bowed  that  a  child  born 
at  8  months  had  more  market] 
myclination  of  its  0| 
11  month  later,  than  n  child  ban 
in    the    iisii.-.I  nm"!: 

month. 

The  richness  of  the  brain  in 
myelinate*]  fibres  increases  for 
many  years  after  birth  with  the 
progress  of  intellectual  develop* 
m-[it.  Kaes  stales  this  continues 
up  to  forty  years  of  age,  and  that  in  old  age  the  number  diminishes.  Myelin 
appears  to  be  necessary  for  the  functional  activity  of  HCTVe  tracts,  and  its 
ilivelnpme-nl  atagnum  pari  pMSN  with  developa  -lit  of  function;  Uie  rrverse 
change  (atrophy  and  degeneration)  is  correspondingly  accompanied  with  marked 
11I    I'iiin  :;  mi 
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Fio .  MS.  —  Olai/ nuii  of  varUeaJ  «*etlnu  of  Uia  brain  of  a  eliil  '1 
5  imroUw  of  aj».  Tim  nrwatar  |*rt  of  Ui- 
nuw  »bow«  araUaatiou.  tbua  Indication  drratopmant  of 
tho  Mtociatlon  oonlrea.  Th«  letter*  bava  U>«  tama 
moaning  »«  in  KIr.  088.  (Afl*«  KlectitJc;  Wattfart 
1  .Utolaic.) 


Association  Fibres  and  Association  Centres. 

We  know  by  common  experience  tliat  any  group  of  muscles  can  be  voluntarily 
contracted  in  reply  to  any  form  of  stimulus,  cutaneous,  visual,  auditory,  etc.  It, 
for  instance,  the  wrist  is  Hexed  in  response  to  an  auditor}'  stimulus,  the  nerve 
impulses  pass  first  to  the  auditory  area,  then  by  certain  fibres  to  the  cerebral  cells 
which  control  the  muscles  of  the  arm.  The  fibres  winch  connect  the  two  areas  are 
termed  atsociu/iin  jBm  t.  \  di.igraminntic  view  of  the  principal  bundles  of 
association  fibres  is  given  in  fig.  SOI  This  figure  may  be  usefully  compared  with 
g.  504),  which  shows  the  general  plan  of  th-  proi'vlion  Hhnf, 

The  term  "  aWRMU&Hl  r*nlr*% "  is  given  by  Flechsig  to  those  portions  of  the 
cortex  Unit  lie  between  the  sensory  centres  be  lias  l>ccu  able  to  demonstrate.  The 
function  of  tliese  centres  is  first  to  furnish  pathways  between  the  several  centres,  and 
second  to  retain  as  memories  previous  sense  impressions,  so  that  in  action  they  may 
modify  the  impulses  sent  into  them,  and  by  these  modifications  adjust  to  an  almost 
infinite  degree  the  form  of  the  final  response. 

I  be  association  centres  comprise  a  very  large  area  of  the  cortex,  and  are 
divided  into  three:  (1)  The  great  anterior  association  centre  in  the  frontal 
lobe;  (2)  the  posterior  association  centre  in  the  puricto-tcmpornl  region  j  fi)  the 
middle  association  •  smaller  and  coincides  with  the  island  of  Keil. 

These  regions  arc  in  hd  those  in  which  no  evident  response  follows  excitation; 
they  arc  sometimes  called  the  "l.i'  Kcitable  cortex."    The  human  brain  is 

characterised  by  the  high  development  "1  tbea !  parts,  and  ns  already  explained  they 
arc  doubtless,  as  Fiechsig  terms  them,  the  organs  of  thought 

The  Importance  of  the  enociation  of  ideas,  which  has  for  Its  anatomical  beete 
the  association  of  cortical  centres,  will  be  at  once  grasped  when  one  considers 
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complex  actions  as  reading  aloud  or    writing  from  cliotil inn  Dying 

diagram  (fig.  ."".'.)  show  •.  Iln    position  ol   the  main  centres  involved,  part 
ttlm-h  will  be  found  in  the  small  text  beneath  the  figure. 


J  i. . .  '<£.— lateral  vl»w  of  the  left  r»r*t>r»J  timnhpliere  of  mail  (afWt  Disilikm).  t  !■  the  onrtlcal  art*, 
daman  to  which  produce*  "  word  Wlndneaa  .  It  la  eltuated  in  the  angular  mm,  an>l  l»  «-a]lrd  Hi- 
rUtuU  uimlernirr.    n  la  the  area  mi  the  enr»»rlor  ten.;  ttoo,  railed  th*  auditory  wvrrf 

cmnl--  aldOU  iif.ln.iw  "word  :  wa*  r..ju««l'jlfc>n,  damage  t- > 

■i--ilnuo[  audible  epeer),  (motor  a[.ha«U);  Uila  !»  the  undorltnotor  area  for  the  rnov 
of  the  lonnu*.  vocal  cord*,  etc.,  concerned  In  epeaklng ;   Haitian  t'-nn«  It  the  fU+to-ki *<rtthitic  itnru. 
Tha  am  w,  railed  \,y  Itastlan  lha  i»ilm-««.HfMe  srao,  U  the  eomapondlnf  region  concerned  m 
Land  mornmenU,  damage  to  which  aboltabe*  Uie  power  of  writing  (agraphia). 

In  reading  eload,  the  tnpnaVtou  of  tin-  mndi  enter  b*  tha  i  rati  reach  that 

portion  of  the  vtsua]  -.phcrc  known  U  laM  HtMi  Word  crulrr.  travel  across  to  thl 
HadBorj  word  OMBfn   by  association  fibres,  where  the  men  betr  sounds  is 

n -vivi',-1  ;  laothertnct  ofMSOClcl  OH  fibres  connects  this  to  the  sensori-mi. tor  areas 
in  B  men's  convolution  nailed  by  Bastian  the  flotto  HaanlaWai area,  whence raotat 
impulses  origtaufai  which  liudll;,  reach  the  muv.-h  -s  GOOOUMd  in  pronouncing  the 
words  ongiii.illy  seen. 

Writing  from  dictation  is  just  as  complex;  Hie  course  of  tin  impulse  ll  by 
tha  auditory  eh  mriels  to  thr  .  tin  n  by  ■■inflation  tracts  to  the 

.  where  the  shapes  of  the  letters  COmposinu'  'I  . n  .  . 
revived;  another  isnch  h  Hon  tract  curries  on  the  Impulse  to  the  ■tneorl  motor  HCt 
conni'cted  with  the  mov<  lUsthn  s  eMro-Hmmthtlic  arm)  [a 

middle   region  Of  the    Kolaudic  cortex,  anei    Snail]    the  movement  of  writing  is 

•  mplished.  The  diverse  symptom-;  exhibit,  d  hy  patients  suffering  from  various 
forum  of  aphasia  can  Ik- all  explained  by  mop  or  leH  SStetVta  <1  -linage  cither  to 
the  centres  themselves  or  to  the  association  tracts  which  connect  them. 

The  association  fibres  of  the  spin. d  cord  arc  de%cri  lied  on  p.  518, 

In  tha  development  of  »  neuron,  four  stages  can  be  distinguished: — (1)  Cells 
without  processes]    (2)  the  apitciirance  of  simple    branches,  the   axon  developing 

i  rapidly  ;  (:i)  the  Formation  of  collaterals;  (4)  the  appearance  of  the  medul 
sheath.     In  the  cerebral  convolutions  the   fibres  become  myelinated  in  a  strictly 
regular  sequence;  some   convolutions   have  their   fibres  medu Hated   three  months 
before  birth,  while  in  others  complete  niyelination  has  not  occurred  six  months  later. 
Fibres  of  equally  great  importance  become  mcdullatcd  at  the  same  time;  those  of 

l    ii. i  ii portanCi  bate  and  JO  OS.     'n  this  way,  myelogenctic  cortical  fields  can 

be  mapped  out,  which  retain  their  contours  for  some  time.  Thirty-six  of  such  fields 
were  made  out  by  Flechsig,  and  can  be  divided  chronologically  into  three  groups. 

Will. 

fields  arc  darkly  shaded  in  the  accompanying  diagrams  (fijr 
Slid  607). 
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They  are  10  in  number,  and  arc  those  provided  willi  myelinated  nbna  at  brrtL. 
;dn  the  seals  of  the  cortical  representation  of  all  the  senses.     To  No. 
assigned  the  cutaneous  and  muscular  sense ;  to  No.  2  the  sense  of  smell ;  to  No.  4 
that  of  vision .-  to  No.   5  that  of  hraring.     The  functions  of  some  of  the   primary 
areas  had  not  been  determine.!.     The  ;  .-acta  originate 

from  the  primary  fields;  thus  the  lal  tract  starts  from  No.   1.  but  maul* 
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Uul*r  rarfaco  of  human  braia,  tiwwnuc  flsckstg**  itaiatuiiSM HI  aonaa ;  pnr    - 

darkly  •h*<led:inWiiWi»to(l!—i!),le«- 

Hi.-  MTWltttng   frontal  convolution.*     The  Hrmj  fibres  connected  Witt  the 
skin  and   muscles  terminate   mainly  in  the  ascending  parietal   convolution. 
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Flo.  607.— uuiw  *ttrfsc«  of  «*nie.    (FlachslfJ 

inferior  fornix  is  wnnected  with  Nos.  2  and  '•.  The  inner  bundle  of  the  pes  springs 
from  1  b,  »"•,  19,  14  Jiii.l  15 1  the  origin  of  the  outer  bundle  of  the  pes  is  doubtful. 
From  the  visual  area  (No.  4)  a  tract  arisen  which  passes  main)  hi  anterior 

corpus  quadrigeminum ;  the  auditory  zone  (No.  :■).  towards  which  a  tract  proceeds 

*  This  coincides  well  with  the  work  of  Sherrington  and  Gnmbaum  (p.  606). 
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that  leads  from  the  internal  corpus  gcnicu latum,  sends  an  outgoing  tract  into  the 
column  o(  Turck,  and  thus  motor  noctfdnfl  of  t lt«-  Bpptt  part  v(  the  body  are 
possible  as  a  direct  result  of  auditor;  impressions.  In  fact  in  every  BM 
primordial  sensory  rone  is  connected  with  a  well-defined  pair  of  tracts,  one  proceed- 
ing to  it  (cortico-|>etal)  and  the  oilier  from  it  (cortico-fugaf).  It  is  thus  impossible  to 
speak  of  a  purely  motor  or  a  purely  sensor}'  area. 

The  tTiniii'il  areas  (No*.  M  to  .'16,  unshaded  in  the  diagrams)  do  not  begin  to 
be  myelinated  until  at  least  a  month  after  birth.  These  and  the  majority  of  the 
irit*rm*tiiat*  areas  (Nos.  11  to  '■'•I,  lightly  shaded  in  the  diagrams)  show  few  or  no 
projection  fibres  *  even  8  months  after  birth.  They  comprise,  in  fact,  the  association 
centres,  and  are  rich  in  long  association  fibres. 

The  new  of  Monakow.  D.jcrinc,  and  others,  that  the  fasciculus  longitudinalis 
inferior  (i:  in  fig.  f>0S,  p.  694)  and  the  cinguluin  (i  in  the  same  figure) are  long  associa- 
tion tracts  is  denied  by  Klechsig;  they  connect  primordial  tones,  and  arc  regarded 
by  him  as  projection  fibres,  the  former  connecting  tlie  lateral  corpus  genirulatum 
with  tlie  cortical  field  of  vision,  and  constituting  tlie  real  optic  radiation. 

Electrical  Variation  in  Central  Nervous  System. 

Du  Bois  Reymond  found  that  the  spinal  cord,  like  a  nerve, 
exhibits  a  demarcation  current  Letween  its  longitudinal  surface  and 
a  cross-section,  and  that  a  diminution  of  this  current  occurs  on 
excitation  (negui  iation).     Gotch  and  Horsier  investigated  tin- 

currents  of  the  cord  very  thoroughly.  If  the  Bolandic  area  of  the 
cortex  i8  stimulated,  and  a  portion  of  the  thoracic  region  of  I 
spinal  cord  is  led  off  to  a  galvanometer,  a  persistent  negative  varia- 
tion followed  by  a  series  of  intermittent  variations  is  observed ;  this 
exactly  OQITWUODdl  to  the  tonic  spasm  followed  by  clonic  con- 
tractions which  occur  in  the  muscles  excited  by  tins  meant. 

The  galvanuim-t,>'i  in  the  h&ndfl  of  these  observers  also  proved  to 
be  a  valuable  instrument  for  determining  the  paths  taken  by  nervous 
impulses  in  the  cord.  One  example  will  suffice :  If  the  central  end 
of  one  sciatic  nerve  is  stimulated,  the  ehiflf  ••lechkal  variation  in  the 
cord  is  noticed  to  be  obtained  when  the  same  side  of  the  cord  is  led 
off  to  the  galvanometer,  but  a  certain  amount  of  olectrical  variation 
is  obtainable  Groan  the  opposite  side  of  the  oord    This  oob  •.  itli 

the  fact  ascertained  by  other  methods,  that  the  main  MiUNWJ 
channel  is  on  the  same  side  of  the  cord  as  the  entering  lien-  s,  btrt 
that  there  is  a  certain  small  amount  of  decussation  below  the  level 
of  the  bulb. 

Electromotive  changes  also  occur  during  activity  in  the  cortex 
cerebri,  but.  they  have  not  been  umch  studied,  and  wo  do  not  know 
whether  they  have  their  seat  in  the  grey  or  in  the  underlying  white 
in;ii 

Sleep. 

The  conditions  that  favour  sleep  are  :— 
(I)  A  diminution  of  the  impulses  entering  the  central  ner. 
system   by   the  afferent    channels.     This  is   under  our  voluntary 

*  That  they  never  have  any  projection  fibres  at  all  is  denied  by  most  observer!. 
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control,  as,  for  instance,  in  closing  the  eyes,  or  retiring  to  a  quiet 
room. 

(2)  Fatigue.  This  diminishes  the  readiness  of  the  central 
nervous  system  to  respond  to  stimuli. 

The  first  two  hours  of  sleep  are  always  the  most  profortnd  ;  later 
on,  relatively  weak  stimuli  will  cause  awakening.  Of  the  parts  of 
the  central  nervous  Bystera,  the  spinal  cord  is  always  less  profoundly 
affected  than  the  brain,  but  even  the  brain  is  never  entirely  irrespon- 
sive, and  unless  slumber  is  very  profound,  dreams  are  the  subjective 
result  of  external  stimuli 

Sleep  has  been  attributed  by  some  to  changes  in  the  blood-supply 
of  the  brain,  and  ultimately  referred  to  fatigue  of  the  vaso-motor 
I •■  nt  r. m,  The  existence  of  an  effective  vaso-motor  mechanism  in  the 
cerebral  blood-vessels  themselves  is  problematical  (see  p.  312);  so 
that  if  changes  occur  in  the  cerebral  blood-pressure  or  rate  of  flow, 
they  are  mainly  secondary  to  those  which  are  produced  in  other 
parts  of  the  body.  Flethysmographic  records  from  the  arm  of  a 
sleeping  man  show  a  diminution  in  its  volume  every  time  he  is 
'listurbetl,  even  though  the  disturbance  may  not  be  sufficient  to 

Ivi'ii  him.     This  is  interpreted  as  meaning  a  diminution  in 
blood  of  the  body,  and  a  corresponding  increase  in  the  blood-flow 
through  the  brain.     It  ia,  however,  quit"  possible  that  the  vascular 
condition  is  rather  the  concomitant  or  consequence  of  sleep  than  its 
MUM, 

Some  of  the  theories  to  account  for  sleep  have  been  chemical. 

s  certain  observers  have  considered  tliat  sleep  is  the  result  of  the 
action  of  chemical  materials  produced  during  waking  hours,  which 
have  a   soporii  on   the   brain;    according  to  this   theory 

awakoning  from  sleep  is  duo  to  the  action  of  certain  other  materials 
produced  during  rest,  which  hn  ;ito  effect.     Obersto: 

lias  gone  so  far  as  to  i    tint  the  soporific  sutatancos  are 

reducing  in  nature,  Bfld  others  regard   them  as  alkaloidal.     Th 

all  rest  upon  v  iest  foundations,  and  none  has  yet 

D  found  to  stand  experimental  tests. 

Then  there  arc  what  we  may  term  histological  theories  of  sl< 
and  these  are  equally  unsatisfactory,     The  introduction  of  the  Golgi 
method    Opened   a   fresh   field    for    investigators,  and  several   have 
sought  to  find  by  this  method  a  condition  of  the  neurons  prodii 
by  narcotics  like  opium  and  chloroform,  which  is  different  from  t  li.it. 
which  obtains  in  the  waking  state. 

1  H  moor  and  others  found  that  in  animals  in  which  deep  anaes- 
thesia has  occurred,  that  the  dendrites  exhibit  moniliform  swellings, 
that  is,  a  scries  of  minute  thickenings  or  varicosities.  On  the 
strength  of  this  observation,  he  has  formulated  what  we  may  call  a 
bio-physical  theory  of  sleep,     [n  the  waking  Btote,  the  netgnooui  i 
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nerve  units  are  in  contact  with  each  other;  transmission  of  nerve 
impulses  from  neuron  to  neuron  is  then  possible,  and  the  result  is 
consciousness;  during  sleep  the  dendrites  are  retracted  in  an 
amoeboid  manner ;  the  neurons  are  therefore  separated,  and  the  result 
is  unconsciousness. 

Lugaro,  on  the  other  hand,  takes  the  precisely  contrary  view. 
He  was  not  able  to  discover  monilifonn  enlargements,  and  his  bio- 
physical hypothesis  is  that  the  interlacing  of  dendrites  is  much  more 
intimate  during  sleep  than  during  consciousness.  He  therefore 
explains  sleep  by  supposing  that  the  definite  and  limited  relation- 
ships between  neurons  no  longer  exists,  but  are  lost  and  rendered 
ineffective  by  the  universality  of  the  connecting  paths.  It  is  not 
very  difficult  to  explain  such  divergence  of  views,  for  they  botli 
depend  mainly  on  observations  made  by  a  single  method ;  and  the 
method  itself  is  open  to  objection.  It  is  one  which  gives  even  in  the 
same  brain  moBt  inconstant  results,  and  is  not  calculated  to  show 
inueli  more  than  a  mere  outline  of  a  few  of  the  cells  and 
brunches.     So  much  doubt  has  arisen  of  late  in  trust- 

worthiness of  the  method,  that  many  nenrologista  are  beginning  to 
doubt  whether  the  neuron  theory  implying  absolute  non-continuity 
of  nerve  units  has  been  satisfactorily  proved,  and  there  is  a  tendency 
to  return  to  the  idea  of  a  connecting  network  not  very  different  from 
that  originally  put  forward  by  Gerlach. 

A  more  satisfactory  investigation  of  the  effect  of  anaesthetics  on 
nerve-cellB  was  carried  out  by  Hamilton  Wright. 

He  used  rabbits  and  dogs,  and  subjected  them  to  ether  and 
chloroform  narcosis  for  periods  varying  from  half  an  hour  to  nine 
hours.  In  both  animals  he  found  that  the  nerve-cells  are  affected, 
but  in  rabbits  much  moro  readily.  This  accords  quite  well  witfa 
what  is  known  regarding  the  susceptibility  of  rabbits  as  compared  to 
dogs  towards  the  influence  of  these  narcotising  agents.  In  a  rabbit, 
the  nerve-cells,  especially  of  the  cerebrum,  show  changes  even  after 
only  half  an  hour's  anaesthesia,  but  in  dogs  at  least  four  hours'  anaes- 
thesia must  be  employed.  l»y  the  Golgi  method  the  moniliform 
enlargements  can  be  Been.  These  become  more  numerous,  larger, 
and  encroach  more  and  more  on  the  dendritic  stems,  the  longer  the 
anaesthesia  is  kept  up.  The  accompanying  illustrations  show  the 
appearances  seen  (fig.  608). 

Lugaro*8  failure  to  find  these  appearanceB  is  doubtless  due  to  his 
iint  having  maintained  the  anaesthesia  long  enough  in  his  dogs. 

Wright  started  his  work  with  a  bias  in  favour  of  Demoor's  bio- 
physical theory,  but  he  soon  found  that  the  theory  was  untenable ; 
the  results  of  his  observations  have  shown  trim  that  the  action  of 
anaesthetics  is  bio-chemical  rather  than  bio-physical,  and  he  has  been 
led    to  this  conclusion   by  the  employment  of  other   histological 


riu.aos.— MuuilifMnatnlaivramiitMon  •Wtrlu«  of  imrva-nlls.  KuOenlavlde.i 

' -ill  Of*  >Joj[a  bndii,  *ftet 
■Islwiiw'ftiwMti.  KbatterlaMi  Ijv.) 

oell8  (:ims.'<[uriit,ly  present  what  Wright  calls  a  rarefied  appearan 
when  t.hi.-s  becomee  marked  the  cells  appear  like  the  skeleton*  of 
I  ■  ilt-hy  c.oWf.     In  extreme  cases  the  eel  Is  look  as  though  the 
undergone  a  degenerative  chin;;-',  and  after  eight  or  d  urs' 

aniestheaia  in  dogs,  even  ihe  nucleus  and  nucleolus  lose  their  affinity 
for  basic:  .lyes.     Thfl  change,  however,  is  not  a  real  degeneration,  a 
passes  off  when   the   tin  ca   from   the  circulation.     El 

after  nine  hours'  anaesthesia  the  idly  to  their  normal 

condition,  stain  normally,  oooniliform  enlargements  have  ilisippearocl, 
and  i hi  nerve-fibres  show  a  trace  of  W  degeneration.     I 

pseudo-degenerative  change  produced  by  thfl  ehemioal  action  of  the 
anaesthetic  no  doubt  in!  with  the  normal   metabolic  activity 

of  the  cell-body,  aud  this  produces  effects  on  the  coll -branches.     In 
the  early  stages  of  Wallerian  degeneration,  the  branch  of  the  nerve- 
cell  which  we  call  the  axis-cylinder  preseuts  swellings  or  varic< 
ties,  produced  by  hydration  or  some  similar  chemical  change.     The 
rnon  i  I  i  i<  goments  soon  during  the  temporary  pseudo -degenera- 

tive effects  produced  by  amestheticB  are  comparable  to  this.*     TJi 

*  Some  observer*  l.iok  upon  the  varicosities  as  artifacts.  If  they  are,  Ibey 
ought  to  have  been  found  in  all  Wright's  specimens.  fiw  the  method  of  preparation 
was  the  same  throughout 
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enlargements  are  therefore  not  the  primary  cause  of  loss  of  conscious- 
ness, but  are  merely  secondary  results  of  changes  in  the  cell-body. 
When  a  tree  begins  to  wither  the  earlieat  apparent  change  is  noticed 
in  the  branches  most  remote  from  the  centre  of  nutrition,  the  root; 
as  the  changes  in  the  centre  of  nutrition  become  more  profound,  the 
larger  branch'  me  implicated,  but  the  Beat  of  the  mischi 

not  primarily  in  the  branches.  This  illustration  may  serve  to  render 
intelligible  wh.-it  i:;  )  and  in  nerve-cells  and  their  branches. 

Whether  the  appearances  found  in  clogs  and  rabbits  are  appli- 
cable to  the  human  subject  is  another  question.  I  am  inclined  to 
think  that  we  may  safely  regard  then  &B  such;  there  is  no  reason 
why  mi  anaesthetic  should  act  differently  in  different  animalB.  The 
i  ince  of  the  animal  is  a  variable  factor,  and  this  causes  a  varia* 
tion  in  degree  only ;  the  effect  is  probably  the  same  in  kind  for  all 
animals,  man  included. 

But  1  feel  that  we  should  be  very  chary  in  concluding  that  the 
urtilieial  sleep  of  a  deeply-narcotised  animal  is  any  criterion  of  what 
occurs  during  normal  sleep.  The  sleep  of  aiuesthosia  is  a  pathologi- 
cal condition  due  to  the  action  of  a  poison.  The  dm:  ili> 
chemico-vital  activities  of  the  cells,  and  is,  in  a  sense,  dependent  on 
an  increasing  condition  of  exhaustion,  which  may  culminate  in  death. 
Normal  sleep,  on  the  Other  hand,  is  not  produced  by  a  poison,  or  at 
any  rate  W6  have  no  evidence  of  any  poison ;  it  is  the  normal  mani- 
festation of  one  stage  in  the  rhythmical  ac  oi  nerve-cells,  and 
though  it  may  be  preceded  bj  fatigue  or  exhaustion,  it  is  accom- 
panied by  repair,  the  oorotnictrve  aide  oi  in-              fcivity. 

■  will  recover  after  b 
iejr  die  from  loss  <>i    rim)    i.  five   day*.     The  body 

temperature  falls,  reflexes  disappear,  an  &  U  m  the 

la  dr 


L'nu  of  ttUf/>  is  more  tiara  i  0  starvation. 

\<  i  ii.r  three  weeks,  hut  the 
exes 
.tl 
in  must  of  the  tissues. 


brain  is  found  to  contain 


I  vott-moriem 
capillary  hemorrhages,  the  cord  is  dry  and  anu-mic,  and  fatty  degeneration  |    i.  mil 


In  ana,  loss  of  sleep  curiously  enough  causes  a  slight  rise  in  weight ;  the  body 
temperature  fills  ;  the  excretion  of  nitrogen  and  still  in. .re  so  that  of  ]  hotphodc  acid 
increases :  the  reactions  of  the  muscular,  and  later  those  of  the  nervous,  system 
dimmish  in  intensity,  ODUflpt  that  in  all  cases  there  is  an  increase  in  acutenes*  of 
vision.  These  experiments  were  made  by  Patrick  and  Gilbert  on  three  young  men, 
who  voluntarily  went  without  sleep  for  ninety  hours.  At  the  end  of  the  experiment 
u  very  small  extra  amount  of  sleep  beyond  me  normal  caused  complete  restoration, 
aud  all  the  symptoms,  including  the  increase  of  weight,  disappeared. 


In  past  times  there  have  been  several  viewB  held  as  to  the  functions 
of  the  cerebellum.  One  of  the  oldest  of  these  was  the  idea  that  the 
cerebellum  was  associated  with  the  function  of  generation ;  anot 
view,  first  promulgated  by  Willis,  was  that  the  cerebellum  contained 
the  centres  which  regulate  the  functions  of  organic  life ;  this  arose 
from  the  circumstance  that  diseases  of  tho  cerebellum  are  often 
associated  with  nausea  and  vomiting;  it  is  a  familiar  fact  that  in 

:ilacemont»  of  equilibrium  such  as  occur  on  board  ship  in  . 
sea,  or  in  tho  diseoso  called  Monism's  disease,  sickness  is  a  frequent 
result ;  it  appears  from  this  tliat  the  cerebellum  does  receive  from  or 
send  to  the  viscera  certain  impulses.  The  third  and  last  of  these 
older  theories  was  that  the  cerebellum  was  the  centre  for  sensation. 
This  aroso  from  tho  fact  that  certain  of  the  afferent  channels  of  thy 
spinal  cord  were  traced  into  the  cerebellum.  The  impulses  that  travel 
along  these,  howevor,  though  afferent,  are  not  truly  sensory,  and  their 
reception  in  the  corebellum  is  not  associated  with  consciousness. 

The  true  function  of  the  cerebellum  was  first  pointed  out  by 
Flourens,  and  our  knowledge  about  it  has  not  advanced  much  from 
the  condition  in  which  Flourens  left  it.  He  showed  that  the  cere- 
boll  urn  is  the  great  centre  for  the  co-ordination  of  muscular  movom- 
and  especially  for  that  variety  of  co-ordination  which  is  called  equili- 
bration— that  is,  the  harmonious  adjustment  of  tho  working  of  tho 
muscles  which  maintain  the  body  in  a  position  of  equilibrium. 

It  must  not  be  supposed  from  this  that  the  cerebellum  is  the  sole 
centre  for  co-ordination.  We  have  already  seen  that  all  the  machinery 
necessary  for  carrying  out  very  complicated  locomotive  movements 
is  present  in  the  spinal  cord.  The  higher  centres  sot  this  machinery 
going,  and  the  work  of  arranging  what  muscles  arc  to  act,  and  in 
what  ordor,  is  carried  out  by  the  whole  of  tho  grey  matter  from  the 
corpora  striata  to  the  end  of  the  spinal  cord,  including  such  out- 
growths as  tho  corpora  quadrigemina  and  cerebellum.  An  instance 
of  a  complex  co-ordinated  movement  is  sf.cn  in  what  we  learnt  to  call 
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in  the  last  chapter  conjugate  deviation  of  head  and  eyes.  The  higher 
cortical  centre  gives  the  general  word  of  command  to  turn  the  head 
and  eyes  to  the  right:  the  subsidiary  centres  or  sulwrdinate  officials 
arrange  that  this  is  to  be  accomplished  by  the  external  rectus  of  the 
right  eye  supplied  by  the  right  sixth  nerve,  the  internal  rectus  of  the 
left  eye  supplied  by  the  left  third  nerve,  aud  numerous  in 
neck  and  back  of  both  sides  supplied  by  numerous  nerves.  We  thus 
see  how  the  complicated  intercrossing  of  fibres  and  connections  of  the 
centres  of  the  various  nerves  are  brought  into  play. 

The  functions  of  the  cerebellum  are  investigated  by  the  same  two 
methods  of  experiment  {stimulation  and  extirpation)  that  are  employed 
in  similar  researches  on  the  cerebrum.  The  anatomical  connections 
of  tho  corobollurn  with  other  parts  of  the  ccrobro-spinal  axis  (see 
p.  651)  have  been  chiolly  elucidated  by  the  degeneration  method 


Xio.  SOP.— rijpon  »ft*f  wtucntl  uf  Uie  cere  1*11  urn.    (T>alUxi.) 

Each  side  of  the  cerebellum  has  three  peduncles :  the  superior  peduncle 
connecting  it  to  the  opposite  hemisphere  of  the  cerebrum,  tho  inferior 
peduncle  connecting  it  mainly  to  the  same  side  of  the  spinal  cord,  and 
the  middle  podunclo  contains  films  which  link  the  two  halves  of  the 
corobollurn  togethor  in  a  physiological  though  not  in  an  anatomical 
Tho  upper  end  of  the  inferior  peduncle  (erminatee  la  the 
n;  in  some  of  the  lower  animals  the  vermis  is  practicallv  bbe 
only  pert  of  the  cerebellum  which  is  present,  and  it  is  this  part  <>i 
the  cerebellum  which  is  |  'ly  concerned  in  the  co-ordii 

<  i  i  lie  bodily  movoments.  The  cerebellar  hemispheres  are  especially 
connected  with  tho  opposite  cerebral  hemispheres;  and  possiMv  just 
as  tho  different  regions  of  the  body  havo  corresponding  areas  in  tho 
•in  lirum,  so  also  they  are  similarly  represented  in  the  cerebellum ; 
hut  localisation  of  function  in  the  cerebellum  lias  not  gone  sufficiently 
far  yet  to  make  this  a  certainty. 


704 


i  IONS  OF  THE  CEREBELLUM 


XTJX. 


he  cerebellum  is  removed  in  an  animal,  or  if  it  is  the  seat  of 
disease  in  man,  the  result  is  a  condition  of  slight  muscular  weak- 
ness; but  the  principal  symptom  observed  is  inco-crdina'  ■••fly 

,  a  staggering  gait  similar  to  that  seen  in  a  dm 
It  is  call i*  1  cerebellar  ataxy. 

This  condition  is  well  illustrated  in  the  figure  on  p.  703  (fig.  509); 
the  disturlied  condition  of  the  animal  contrasts  very  forcibly  with 
the  sleepy  state  produced  by  removal  of  the  cerebrum  (see  Kg.  492). 
In  order  that  the  cerebolluni  may  duly  execute  its  function  of 
ihration,  it  is  necessary  that  it  should  send  out  impulses  ;  this  it 
does  by  fibres  that  leave  its  colls  and  pass  out  through  its  !•<•.<  hi  nodes; 
they  pass  out  to  the  opposite  cerebral  hemisphere,  and  so  inline: 

discharge  of  the  impulses  from  the  cortex  of  r!  m.     It 

is  also  probable  that  impulses  pass  out  to  the  cord  (see  dotted  line 

in   fig.  482),   but  the  exact  course  of 
these  fibres,  if  they  do  exist,  has  still  to 

l»o  worked 

Tlio  coroliellmu  thus  acts  upon  the 
muscles  of  the  samo  side  of  the  body 
in  conjunction  with  the  cerebral  hemi- 
sphere of  the  opposite  side.  The  close 
inter-relation  of  one  cerebral  with  the 
opposite  cerebellar  hemisphere  is  shown 
in  eaaefl  of  twain  disease,  in  which 
Strop  one   cerebellar    hemisphere 

follows  that  of  the  opposite  cerebral 
phere  (see  fig.  510). 
In  order  that  the  oerebeUum  may 
send  out  Impulses  in  this  way,  it  is 
necessary  that  it  receive  impulses  which  guide  it  by  keeping  it 
informed  of  the  position  of  the  body  in  space.  These  afferent  im- 
pulses are  of  four  kinds,  namoly : — 


i  r.  v  [  mrlncUiia  of  • 

pbOtagMpb  of  a  In 
m«  by  Or  i'rl'-k«.    On*  oortbnl  wl 

an  Atrophied. 


1.  Tactile. 

2.  Muscular. 


3.  Visual. 

4.  Labyrinthine. 


We  will  take  these  one  by  one : — 

1.  Tactile  impressions.— The  importance  of  impulses  from  the  skin 
is  shown  in  those  I liseuses  of  the  sensory  tracts  (especially  locomotor 
ataxy)  whore  there  is  diminution  in  the  tactile  sense  in  the  soles  of 
the  foot.  In  such  cases  the  patient  cannot  balance  himself  while 
standing  with  his  oyos  shut.  The  same  effect  may  lie  prod 
experimentally  by  freezing  the  soles  of  the  feet. 

Again,  if  the  skin  is  Stripped  from  the  hind  limbs  of  a  brainless 
frog,  it  is  unable  to  execute  such  reflex  actions  as  climbing  an  inclined 
piano,  which  it  can  do  quite  well  when  the  skin  is  uninjured. 
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2.  Muscular  impressions. — Quito  aa  important  as  the  tactile  sense 
from  the  skin  ia  the  muscular  souse,  the  souse  which  enables  us  to 
know  what  we  are  doing  with  our  muscles.  Wo  have  oil  inclly 
spoken  of  the  muscular  nervea  as  being  motor;  they  also  contain 
sensory  fibres;  theso  pass  from  the  muscles,  and  their  tendons  I 
posterior  roots  of  the  spinal  nerves,  and  tho  impulses  ascend  the 
sensory  tracts  through  cord  and  brain  to  reach  the  cerebellum  and 
-h i  Rolsncile  area.  In  some  cases  or  locomotor  ataxy  there  is  but 
little  loss  of  tactile  sensibility,  and  tho  condition  of  inco-ordination 

then   chielh   due  to  the  loss  of  the 
muscular  sense. 

3.  Visual  impressions. — The  use  of 
visual  impressions  in  guiding  the 
nervous  centres  for  the  maintenance 
of  equilibrium  is  seen  in  those  cases 
of  locomotor  ataxy  where  there  is  loss 
of  equilibrium  when  the  patient  closes 
his  eyes.  Destruction  of  the  eyes  in 
animals  often  causes  them  to  spin 
round  and  lose  their  balance.  The 
giddiness  experienced  by  many  people 
on  looking  at  moving  water,  or  after 
the  onset  of  a  squint,  or  when  objects 
are  viewed  under  unusual  circum- 
stances, as  in  the  ascent  of  a  mountain 
railway,  is  due  to  the  same  thing.  The 
importance  of  keeping  one's  eyes  open 
is  brought  home  to  one  very  forcibly 
when  one  is  walking  in  a  perilous  posi- 
tion, aa  along  the  edge  of  a  precipice, 
where  an  upset  of  the  equilibrium 
would  be  attended  with  serious  con- 
sequences. 

4  Labyrinthine  impressions. — These  are  the  most  important  of 
all ;  they  arc  the  impressions  that  reach  the  central  nervous  system 
from  that  part  of  the  internal  ear  called  the  labyrinth.  Here,  how- 
ever, wo  must  pause  to  consider  first  some  anutninieal  facts  in 
connection  with  the  ae  Dial  canals  that  make  up  the  labyrinth. 

Fig.  511  is  an  external  view  of  the  internal  ear;  it  is  enclosed  within 
the  petrous  portion  of  the  temporal  bone;  and  consists  of  three 
parts — the  vestibule  (1),  the  three  semicircular  canaU  (3,  4,  5)  which 
open  into  the  vestibule,  and  the  tube,  coiled  like  a  snail's  shell,  called 
the  cochlea  (6,  7,  8).  The  cochlea  ia  the  part  of  the  apparatus  which 
is  concerned  in  tli  ion  of  auditory  impressions;  it  is  supplied 

by  the  cochlear  division   of  tho   eighth   or  auditory  nerve.      The 

2  Y 


411.—  Itluhl  S.nv  lahyrtnth.  vtawal 
from  ili«  i.uur  tula.     The  ■[wciaMn 

lirrr.      Mpm»t»d      vra*      Iir*IHT*ld      by 

Mfimralljii;   |'I»«:«-cih*I    tli*   loOM 

atancw  iA  Uio  potroat  tain*  from  Um 

■torn*    «».H«    whirl)    immnduuly   an* 

rk-io  Hie  labyrinth.    1,  tba  vntibuta; 

1T»   avail* ;   »,   «nj*rlor   lenit- 

t    ran*] ,     1,    linrtamtal    or    *x- 

ttrnal    ranal ;    6,  pooMrkir    canal;    *, 

I   .ilar   ranala: 

c,  i.rnt  turn  of  lb*  ooeblt*;  7.  taoood 

tarn:  8,  «j*x:  0,  tixuxn   rotunda. 

Tli*  anwllw  Okui*  In  uutlina  l*lo» 

ahoira  the  natural  air*.    (SOtnmerlnj:.) 
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remainder  of  the  internal  ear  is  concerned  not  in  hearing,  but  in 
the  reception  of  the  impressions  we  are  now  studying.     Within 
vestibule  are  two  chambers  made  of  membrane,  called  the  uti 

and    the  saccule;    these    i 
municate  with  one  another  and 
with  the  canal  of   the  coch 
Within  each  bony  sentient- 
canal  is  a  membranous  senii- 
nrmdar  canal  of  similar  shape. 
:    is    filled   with    a 
watery  fluid  caller)   en>l. 
M'  1   Bepar;it.«'..i   from   the  bony 
canal    OJ    another    fluid    callcl 
perilymph.     Each   canal    has  a 
swelling  at  one  end  called 
ampulla.       The     membranous 
canals   open   into  the   utricle ; 
the  horizontal  canal  by  each  of 
its  ends;  the  superior  and  pos~ 

Fw.    M2.— 3*cUuu    Of    human    ••mirircuHr   canal,       tr-ruir    v*»rtio»l    ojinuls    liv    thro** 
(After  Rudlnger.)   1,  Bum;  2,  pertaitauni;  S,  s,      lerw\    TOOCM    Canai8     UV    « 

otrou*  b*nd« ooun«ctuiti  «.•  i*rto«t-Qin  u> 4,  ih«     openings,  these  two  canals 

iwt*r  flbrou*  coat  of  the  m«mbr«nou»  canal:  '  j  ..     . 

&,  t«Bi«i propru ;  c,rj>;  connected  at  tneir  non-ampul- 

lary  ends. 
"Fig.   512   shows  in  transverse  section   the  way  in  which  the 
incmhranous  is  contained  within  the  bony  canal;  the  membranous 


Kin.  MS. — Srctlnn  Uiomirli  tha  wall  of  th«i  aminilla  of  a  nenilclrrnlar  canal,  paadajc  thnxijrii  Uiacrtata 
arouatlca.     i,  Epithelium  ;  J,  tunica  propria  ;  S,  llbroua  Uj  ■  r  tea  of  panw-AtaM ; 

C,  cupola,  Into  which  the  halts  of  ttic  luirxclU  project.    (After  Nehafar). 

canal  consists  of  three  layers,  the  outer  of  which  is  fibrous  and 
continuous  with  the  periosteum  that  lines  the  bony  canal ;  then  comes 
the  tunica  propria,  composed  of  homogeneous  material,  and  thrown 
into  papilla  except  just  where  the  attachment  of  the  membranous  to 
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innermost 


the  bony  canal  is  closest ;  and 
flattened  epithelium. 

At  the  ampulla  there  is  a  different  appearance ;  the  tunica 
propria  is  raised  into  a  hillock  called  the  crista  acoustica  (see  fig.  513) ; 
the  cells  of  the  epithelium  become  columnar  in  shape,  and  to  some 
of  them  fibres  of  the  auditory  nerve  pass,  arborising  round  them ; 
these  cells  are  provided  with  stiff  hairs,  which  project  into  what  is 
called  the  cupula,  a  mass  of  mucus-like  material  containing  otoliths 
or  crystals  of  calcium  carbonate.  Between  tho  bair-oeDfl  are  fibre- 
cells  which  act  as  supports  (fig.  514).  When  the  endolymph  in  the 
interior  of  the  canals  is  thrown  into  vibration,  the  hairs  of  the  hair- 
cells  are  affected,  and  a  nervous  im- 
pulse is  set  up  in  fcho  contiguous 
nerve-fibres,  which  carry  it  to  thfl 
central  nervous  system. 

The  walls  of  the  saccule  and 
utricle  are  similar  in  composition, 
and  each  has  a  similar  hillock,  called 
a  macula,  to  the  hair-cells  on  which 
nerve-fibres  are  distributed. 

The  macula  of  the  utricle  and 
the  cristte  of  the  superior  and  hori- 
MHltal  canals  are  supplied  by  the 
vestibular  division  of  the  eighth  or 
auditory  nerve.  The  macula  of  the 
iioaale  sad  t.h>- i-:risu  tA  the  posteriai 
canal  are  supplied  by  a  branch  of  the 
cochlear  division  of  the  same  nerve 
(see  p.  643). 

When  these  canals  are  diseased 
in  man,  as  in  Meniere's  disease, 
there  are  disturbances  of  equili- 
brium :  a  feeling  of  giddiness,  which  may  lead  to  the  patient's  fall- 
ing down,  is  associated  with  nausea  and  vomiting.  In  animals 
similar  results  are  produced  by  injury,  and  the  subject  has  been 
chiefly  worked  out  on  birds  by  Flourens,  where  the  canals  are  large 
and  readily  exposed,  and  more  recently  in  fishes,  by  Lee. 

Thus,  if  the  horizontal  canal  is  divided  in  a  pigeon,  the  head  is 
thrown  into  a  series  of  oscillations  in  a  horizontal  plane,  which  are 
increased  by  section  of  the  corresponding  canal  of  the  opposite  side. 
After  section  of  the  vertical  canals,  the  forced  movements  are  in  a 
vertical  plane,  and  the  animal  tends  to  turn  somersaults. 

"  When  the  whole  of  the  canals  are  destroyed  on  both  sides 
the  disturbances  of  equilibrium  are  of  the  most  pronoun  racter. 

Goltz  describes  a  pigeon  so  treated  which  always  kept  its  head  with 


Pm.AU.— 1,  Hair-cell;  3,  halr-cell,  •Sowing 
Um>  hair  broken,  and  tb«  baae  of  the  hair 
■  lilll  into  IU  vuuiUturuL  UbriU;  2.  Cbra- 
cell;  X,  bnri'lle  of  nerve-iibre*  which 
hare  loat  tbeb  medullary  •heath,  and 
lennlaaU  by  arborising  ruoud  the  baaa 
of  the  harr-cella ;  A.B.,  anrfaca  of  tunica 
prupria.    (After  Ret  dm). 
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the  occiput  touching  the  breast,  the  vertex  directed  downwards,  with 
the  riglr.  left  looking  to  the  right, 

the  head   being   incessa  mj»  in  a  peodnlmB-Ufes    manner. 

Cyon  says  it  is  almost  iriipoasib;  •  ••  an  idea  of  the  perpetual 

movement*  to  whi<:h  the  animal  is  subject     It  can  neither  stand, 
nor  lie  still,  nor  fly,  nor  maintain  any  fixed  attitude.     It  executes 
•it  ■nmornillhl.  now  forwards,  now  backwards,  roils  round  and 
i  in  the  air  and  falls  back  to  recommence  anew.     It 
is  necessary  nimals  in  some  so  vent 

them  dashing  ti  i  i.<.  pieoes  by  the  violence  of  their  m 

ments,   and   oven    then    not  always    with   success.       The    extrei 
agitation  is  manifest  only  during  the  lirRt  few  days  following 
operation,  and  the  animal  may  then  be  set  free  without  danger ;  hi 

,  nd  tumultuous  movements  come 
•  hi  fr..m  i  In-  slightest  disturbance.     But  after  the  lapse  of  a  fortnight 


H 


t 


wli  »ih»r.    It 
auuwlur  vorti.ni 


stasia,  to  »h»w  th«tr  j>o»l»lon«  in  ihm  j.i«nr»  »•  >a  to 

I  U>»  two  horlruiiUI  oMiali  fll)  Ha  In  Iha  am  pisiie    - 

Hot  In  ■  plan*  parallel  to  that  of  the  potUrior  vertical  (P)o*  tl* 


it  jh  all.   I...  maintain  its  upright  position.    At  this  stage  it  resembles 
.in  iiiiimil    painfully  learning  to  stand  and  walk.      In  this  it  relies 
ii.imiU  OO  i'  I  \  Irion,  Mil  1  it  is  only  necessary  to  cover  the  eyes  with 
a  In ...  I  t.u  ilisjiel  all   the   fruits  of  this  new  education,  and  cause 
reappearance  of  all  the  motor  disorders."     (Ferrier.) 

It  is  these  canals  which  enable  all  of  us  to  know  in  which  direc- 
wo  are  being  moved,  even  though  our  eyes  are  bandaged,  and 
the  fivi  1  to  touch  i  rod.     On  being  whirled 

U  !i  |  ponon  knows  in  which  direction  he  is  being  moved, 
and  hols  that  ho  is  moving  so  long  as  the  rate  of  rotation  \  aries. 
but  when  boa  whirling  stops  he  seems,  especially  if  he  opens  his 
eyes,  to  be  whirling  in  I  site  direction,  owing  to  the  rebound 

of  the  fluid  in  the  canals.  The  forced  movements  just  described  in 
animals  are  due  both  to  the  absence  of  the  norma)  sensations  from 
the  canals  ami  to  tltlusive  sensations  arising  from  their  irritation,  and 
the  animal  makes  el":  orrect  the  movement  which  it  imagines 

it  is  being  subjected  to. 
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Artificial  stimulation  of  the  canals  produces  movements  of  the  head  and  orbits, 
and  giddiness.  Similar  movements  occur  during  bodily  rotation,  and  giddiness  is 
the  rCtaH  of  a  rivalry  of  MOnUoM  whirl  i  ulfnrd  conflicting  ideas  of  the  position  of 
tin  tMjdv  relatively  to .  xtl  rnal  objects.  A  certain  proportion  of  deaf  mutes  lose  their 
.•-•  of  direction  under  water,  cannot  maintain  their  <  nuiliUmiiii  whin  their  eyes  arc 
.lull ,  i  xhibit  no  orbital  movements  when  rotated,  and  never  suffer  from  sea-sick  i 
..r  gtddtaw.  Tbk  proportion  (56  per  cent,)  Is  approximately  the  frequency  in  which 
abnormal  conditions  of  the  canals  nave  been  found  post-mortnn  in  deaf  mutes, 

• 

It  will  be  noticed  that  the  canals  of  each  side  are  in  three  planes 
at  right  angles  to  each  other,  and  we  learn  the  movements  of  our 
body  with  regard  to  the  three  dimensions  of  space  by  means  of 
impressions  from  the  ampullary  endings  of  the  auditory  nerve ;  these 
impressions  are  set  up  by  the  varying  pressure  of  the  endolymph  in 
the  ampullse. 

Thus  a  sudden  turning  of  the  head  from  tight  to  left  will  cause 
movement  of  the  endolymph  towards,  and  therefore  increased  pressure 
no.  the  ampullary  nerve-endings  of  the  left  horizontal    canal,  and 

diminished  pressure  on  the  corresponding  nerve-endinga  of  the  right 
side.     It  is  probable   thai  2   from  such  a  movement  two 

impulses  reach  the  brain,  one  the  effect  of  increased  pressure  in  one 
ampulla,  the  second  the  effect  of  decreased  pressure  in  its  fellow. 

"One  canal  can  be  affected  by,  and  transmit  the  sensation  of 
rotation  about  one  axis  in  one  direction  only;  and  for  compi 
perception  of  rotation  in  any  direction  about  any  axis,  six  canals  are 
required  in  three  pairs,  each  pair  being  in  the  Bame  or  parallel  planes, 
mil  their  ampulla:  turned  Opposite  w.iys.  Each  pair  would  thus  be 
sensitive  to  any  rotation  about  a  line  at  right  angles  to  its  plane  or 
planes,  the  one  canal  being  influenced  by  rotation  in  one  direction, 
the  other  by  rotation  in  the  opposite  direction."    (Crum-Brown.) 

The  two  horizontal  canals  are  in  the  Bame  plane ;  the  posterior 
vertical  of  one  side  is  in  a  plane  parallel  to  that  of  the  superior 
vertical  of  the  Other  side  (see  fig.  515). 

These  four  sets  of  impressions  (tactile,  muscular,  visual,  and 
labyrinthine)  rSSOb  the  cereliellum  by  its  peduncles;  from  the  eyes 
thri  superior  peduncle,  from  tho  semicircular  canals  through 

the  middle  and  inferior  peduncles,  and  from  the  body  generally 
through  the  restiform  body  or  inferior  peduncle.  Section  and 
stimulation  of  the  peduncles  cause  inco-ordination,  chieUy  evidenced 
by  rotatory  and  oin  meats  similar  to  those  that  occur  when 

the  thi!  semicircular  canals  are  destroyed  or  stimu- 

lated. Stimulation  of  tho  cerebhlum  itself-  ami  this  has  i-eendone 
through  tos  skull  in  man — causes  giddiness,  and  consequent  muscular 
efforts  to  correct  it.  The  rosults  of  stimulation,  indeed,  are  precb 
analogous  to  those  of  oxtirpation,  only  in  the  reverse  direction.  Loss 
of  muscular  tone  winch  follows  extirpation  of  the  canals  is  probably 
tho  result  of  secondary  changes  in  the  brain. 


CHAPTER  I. 


C0MFAKAT1VE   PHYSIOLOGY   OP  THE  BKALN 


It  will  have  been  noticed  Ld  (be  preoedinj  m  bow  mnoh  of  our 

knowledge  of  cerebral  functions  is  derived  from  observations  and 
experiment.-  ned  upon  the  lower  animals.     I  propose  in  this 

chapter  to  expand  this  part  of  the  subject.     It  is  important  not  only 

LOSS  of  its  iiitrhi.-U'  imprest,  but  also  because  a  wider  survey  of 
the  con ditions  in  various  auitnals  throws  considerable  light  on  what 
is  found  in  man.* 

The  brain  in  the  lower  vertebrata  i3  composed  of  a  smaller 
Dumber  of  cells  than  is  found  in  th<  notion  also 

Lhat  the  massing  of  the  nerve  units  towards  the  cerebral  cortex  and 
in  relation  to  the  principal  sens..-  OTgana  has  gone  on  to  a  less  extent. 

The  doctrine  of  cerebral  localisation  is  not  accurately  expressed 
by  the  statement  that  a  cortical  centre  is  one,  the  stimulation  of 
which  produces  a  definite  response,  and  the  extirpation  of  which 
abolishes  the  response.  We  have,  for  instance,  seen  that  the  stimu- 
i.ain  areas  in  the  dog's  brain  produces  certain  movements, 
bnt  (Jolt*  showed  that  is  his  logs,  the  removal  of  an  entire  hemi- 
sphere did  not  cause  paralysis  of  the  opposite  side  of  tin-  body, 

In  the  central  nervous  system  there  are  few  or  no  places,  where 
only  one  set  of  nerve  units  are  situated,  with  fibres  passing  to  and 
from  them.  Almost  every  locality  has  several  connections  with 
other  parts,  and  also  fibres  passing  through  it  which  connect  together 
I  lie  pattS  on  all  sides  of  it.  Hence  in  extirpating  even  a  limited 
area,  numerous  ,  arc  interrupted,  and  the  damage  is  con- 

sequeuily  widespread.  Much  of  the  disturbance  produced  at  first 
gradually  passes  away,  ami  the  temporary  effects  must  be  distinguished 
from  tho80  which  are  permanent ;  the  permanent  effects  have  the 
greater  significance  of  the  two.     Moreover,  it  is  clear  that  the  relative 

*  Tins  subject  is  treated  ut  somr  length  in  Ur  Donaldson's  article  on  the  Ontrnl 
Nervon-  System  in  the  American  Text-book  of  Physiology  edited  by  HowelL  I  am 
indebted  to  this  article  for  much  contained  in  the  present  chapter. 
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tnd  Absolute  value  of  any  locality  in  the  central  nervous  system 
depends  largely  OD  the  ilegree  to  which  centralisation  has  progressed, 
and  on  the  amount  (A  connection  l>etween  the  various  areas.  The 
closer  the  connection,  the  more  numerous  and  intricate  the  path- 
ways, the  greater  will  be  the  permanent  effects  of  an  extirpation, 
tnd  the  recovery  of  function  the  more  remote.  The  lower  the 
animal  in  the  zoological  series,  or  the  less  the  age  of  the  animal,  the 
more  imperfectly  developed  will  be  the  connecting  strands,  and  so 
the  possibility  of  other  parts  taking  up  to  some  extent  the  functions 
of  those  that  are  removed  will  be  increased. 

If  the  cerebral  hemispheres  are  removed  in  a  teleostean  or  bony 
fish  (and  in  such  animals  there  is  practically  no  cortex),  the  animal 
is  to  all  intents  and  purposes  unaffected ;  it  can  distinguish  between 
a  worm  and  a  piece  of  string,  and  will  riae  to  red  wafers  in  preference 
to  those  of  another  colour.  The  opera tiou  docs  not  damage  the 
primary  centres  of  vision,  and  in  these  fishes  the  eye  is  the  most 
important  sense  organ. 

A  shark,  howover,  subjected  to  the  same  operation,  is  reduced  to 
a  condition  of  complete  quiescence ;  this  is  due  to  the  circumstance 
that  in  this  fish  the  principal  sense  organ  is  that  of  smell,  and  sever- 
ance of  both  olfactory  tracts  produces  the  same  result  as  removal 
of  the  entire  hemispheres.  In  either  case  the  path  between  tho 
olfactory  bulbs  and  the  centres  that  control  tho  cord  are  interrupted. 

Going  a  little  higher  in  tho  animal  scale  to  the  frog,  we  find 
that  removal  of  the  hemispheres  only  does  not  entirely  abolish  its 
apparent  spontaneity ;  it  still  continues  to  feed  itself,  for  instance, 
by  catching  passing  insects.  It  is  not  until  the  optic  thalami  are 
removed  also  that  it  becomes  the  purely  reflex  animal  described 
on  p.  678. 

If  the  brain  and  tho  anterior  ond  of  tho  bulb  are  removal  the 
bog  becomes  incessantly  activo,  creeping  and  clambering  about  the 
i  "Mil ;  but  if  the  whole  bulb  is  romovod  strong  stimulation  is  required 
to  produce  movements;  these,  however,  remain  co-ordinated 

If  the  frog's  cerebellum  is  removed  there  is  some  tremor  of  the 
leg  muscles,  and  a  loss  of  co-ordination  in  jumping.  If  the  removal 
is  confined  to  ono  side  of  tho  twixt-brain,  mid-brain,  or  bulb,  there  is 
a  tendency  to  forced  positions  and  movements,  action  being  most 
vigorous  on  the  side  of  tho  body  associated  with  the  uninjured 
portions. 

We  thus  see  that  a  progressive  removal  of  portions  of  the  brain 
is  followed  by  a  progressive  loss  of  responsiveness,  until  we  reach  the 
anterior  end  of  the  bulb,  the  removal  of  which  sets  free  the  lower 
centres  of  the  cord,  and  tho  result  is  incessant  movement  provoked 
by  slight  stimuli.  Furthor  removal,  however,  lessens  responsiveness, 
and  this  is  not  easy  to  explain. 
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la  the  bird,  removal  of  the  hemispheres  and  basal  ganglia  pro- 
duces   the  sleepy  condition  already  described  (p.  679);    when 
animal  is  made  to  fly  its  movement*  are  directed  bj  ^ense  of 

sight,  and  it  will  select  a  perch  to  settle  on  in  preference  to  the  floor. 
It  will  start  at  a  noise;  it  will  not  oat  voluntarily;  it  exln 
emotions  such  as  fear,  sexual  feeling,  or  maternal  instincts. 

In  mammals,  the  difficulty  of  the  operation  has  been  overcome  b) 
Goltz  in  dogs  by  removing  the  cerebrum  piecemeal.     One  dog  treated 
in  this  way  lived  in  good  health  for  eighteen  months,  when  it  was 
killed  in  order  that   a  thorough  examination  of  the  brain    n. 
be  mado.     It  was  then  found  that  not  only  the  hemispheres  but 
main  parts  of  the  optic  thalamus  and  corpus  striatum    had    I 
removed  also.     Though  it  could  still  carry  out  co-ordinated  ni' 
men ts,  its  reactions  were  entire!  .  and  emotions,  feeling* 

ipacity  to  learn  were  entirely  absent. 

If  we  now  compare  these  effects,  it  is  seen  tli  suits  of  the 

operation  becomes  progressively  greater  as  we  ascend  the  scale.     The 
higher  the  animal,  the  more  fatal  the  effects,  the  immediate  disturb- 

16  more  severe,  the  return  of  function  slower,  and  the  pennni 
loss  greater.     The  long  !'  lid's  dec  was  doubtless  due  to 

fact  that  the  removal  was  accomplished  by  several  operations. 

The  higher  animal  loses  just  those  characters  which  distingi 
it  from  tin:  1-wer  ones.     It  is  difficult   to  prophesy  what  would 
happen  if  as  extensive  operations  vers  carried  out  in  a  monkey  or  a 
man.    But  so  far  as  extirpation  has  been  ol  the  initial  paralysis 

(which  is  seen  also  in  the  dog)  does  not  disappear  so  rapidly  or  so 
fonijili-trly.    In  man,  the  tendency  to  reoovef  is  least. 

ifl    is   anatomically  explicable  we    remember    that  the 

anterior  horn  cells  are  influenced  chiefly  by  two  sets  of  impull 
those  which  enter  the  cord  by  the  posterior  roots,  and  those  whi<  li 
come  down  from  the  cerebrum  by  the  pyramidal  tracts.  In  the  lower 
animals  the  pyramidal  pathway  is  insignificant,  and  when  it  is  inter- 
rupted the  disturbance  is  consequently  slight.  In  animals  below 
the  mammals  it  is  absent,  and  going  up  tfa  e  to  BJ  nnalian  scale  it 
becomes  more  and  more  important  as  the  following  figures  show: — 

In  the  mouse  the  pyramidal  fibres  constitute  )  '14  per  cent,  of  those  in  the  cord. 
,.      fruinra-pitf     ,.  ..  „ 

..     rabbit  ..  ..  V3 

..     cat  ..  ,.  7-76 

man  ..  ,.  11  "87  ..  .. 

We  can  therefore  quite  readily  understand  that  in  the  apes  and 
in  man,  a  damage  to  the  cortex  which  causes  degeneration  of  these 

:ta  will  cut  off  many  impulses  to  the  anterior  coruual  cells,  and 
produce  a  greater  or  less  degree  of  paralysis. 

We  have  already  pointed  out  (p.  080)  that  the  sue  of  the  cortical 
areas  does  not  vary  with  the  mere  mass  of  the  muscles  under  control, 
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but  with  the  increasing  complexity  and  delicacy  of  the  movement; 
(compare  in  fig.  498  the  relative  size  of  the  areas  which  control  tho 
trunk  muscles  and  the  finger  movements).  It  is  just  these  move- 
ments v\hirh  in-  1 1 1 . ist  affected  by  acoitinil  injury,  and  which  exhibit 
least  recorerj  ,  In  the  upper  limb,  for  instance,  the  shoulder  muscles 
will  be  the  least,  and  the  band  the  most,  paralysed. 

On  the  sensory  side  of  the  cortex,  vision  alone  can  be  analysed 
with  sufficient  accuracy.  The  lower  the  animal  in  the  series,  the 
more  readily  can  its  actions  be  controlled  by  sensory  impulses  which 
huve  not  passed  through  the  cortex  cerobri.  A  decerebrated  bony 
fish  can  distinguish  colours,  a  frog  can  cut'-h  llii-s,  even  a  pigeon  will 
select  its  perch,  I  I  takes  no  notice  of  food  or  of  people  who  try 

to   frighten  it     A  dog  similarly   0]  n    is   practically  blind, 

though  it  will  blink  at  a  bright  flash  of  light.  In  the  lower  animaU 
the  impulses  pass  in  to  the  primary  visual  centre  which  acts  as  tho 
centre  for  the  reflex  ;  the  higher  we  ascend  tho  animal  scale,  the 
path  rial  the  <■  BOomee  more  permeable,  of  greater  value  or 

even  indispensable,  and  the  reflexes  through  the.  lower  centres  of  less 
importance;  not  only  SO,  '[lt  there  are  subdivisions  of  the  visual 
n';ii  area,  which  correspond  to  diffsten  ■■■  of  ths  refine* 

la  the  fishes  which  li  ivc  no  cortex  ccrcbi,  the  uptie  lobes,  analogous  to  Ilk 

Suadrigemina,  are  the  OBIlUta  for  vision.      In  some  fishes,  11  small   number  of  the 
bres  of  the  optic  nerve  pass  into  the  geniculate  body,  which  forms  a  cell  station  OB 
tin-  nxid  to  the  posterior  region  of  the  » ■■■!■■!■»,  is  lien-  n  primitive  cortex  begins  to 
appear.    ( )n  ascending  the  animal  scale,  this  group  of  fibres  becomes  more  and  more 
abundant,  nnl  tins  purl  of  the  cortex  become*  more  elaborate  in  structure.     When 
nkcys.  this  pari   of  Ihc  brain  is  cut  off  from  Um  rest  to  form  a  div- 

tmct  occipital  he  parieto-oodpltal  I 

AffenapaAfl  (ape's  split).  At  tirst  this  lotic  la  smooth  ( tig.  4t>7.  p.  SS5),  but  as  UK- 
great  parietal  lllMtirlailiili  irgef  with  increase  of  intelligence,  the  visuo- 

Otjram  Ml  pushed  buck,  and  lirown  into  folds.     In  th-    highest  apes. 

and  in  the  lower  raCBB  of  man  kind,  a  bSM  i*  stdl 

seen  on  the  external  cerebral  surf  ice  ;  but  in  the  higher  race-.  EBOSt  A  pushed  R 
on  to  tin-  ixfao   (area  1.  figs.  500.  507,  p.  bla  calcarint  ana  is  better 

n-d  the  tlriatt  area,  because  it  is  characterised  by  Hie  white  stripe  called  tin 
of  Gcnnuri  (see  p  oSlty 

Some  aiiim  ils   have  panoramic  and   others  $Urtotcopie  vision.      The  fa 
in  iin!;  feeders     have  BeOS  set  laterally;   each  eye  receives  a  different 

f.ictijr.-,   .ni.i    the     |  i   .it    the    OptSC  . -. •! 1 1 j 1 1-  f .- ;     eacn    •  >c-    sends 

mpulaei  to  the  op]  iiiispherc.      Animals  with  hu\e  the 

ii.  in  I'mivr.  and   tin-  OOtlc  axes  can  lie  converged  so  that  an  object  la 

hcuiserl  srtth  both  eyea,  ecomes  necessary  in  carnivore,  which  have  to  catch 

moving  prey;    tin    mire  complex   the  mrc.  :    the    lore  hiuh,    Ihe  greater 

becomes  ill.    necessity  tor  fisaUOIl  ,.t  iin    ev .  them.      In  such  aotDMM  each 

Mini  an- 1  <■  itreapOOUl  VfJtb  the  MOM  half*  of  both  retina-.  Unit  is.  with  Uie  opposite 

half  of  the  visual  Held  ;  the  lower  i  ndfl  wttfa  tin-  appex  belf 

of  i    '     heif  field  o  1  he  appearance  of  the  macula  lutea  (w  it  li 

cortical  rcpresental  ..-<  ulmiualing  paint 

in  rtsueJ  aevelopai 

a  buui  or  ea  animal  vho  loses  both  eyes  ii  I  in  time  manages  to  find 

his  way  about.      I  when   hlii  produced  by  removal  or 

ii-.  UM  "1  both  001  Iprl  i-rc,  the  sense  of  oricntution  is  lost  also,  for  the 

association  of  m  y  and  motor  im pml  M    e  I  hen  impossible. 
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Before  passing  to  the  study  of  the  various  special  senses,  then 
a  number  of  general  considerations  in  connection  with  the  subjec 
sensation  that  demand  our  attention. 

Tho  psychologist  divides  the  mental  phenomena,  which  the 
physiologist  localises  in  the  brain,  into  three  mam  categories : — 

1.  Intellectual:  perceiving,  remembering,  reasoning,  etc. 

2.  Emotional:  joy,  love,  hate,  anger,  etc. 

3.  Volitional:  purposing,  deliberating,  doing. 
These  are  all  closely  connected  together,  and  are  all  present  in 

each  healthy  brain ;  but  according  as  one  or  other  may  predominate, 
we  speak  of   intellectual,  emotional,  or  strong-willed  individuals. 
The  connection  is  especially  close  between  intellect  and  will,  wl 
represent  as  it  were  the  two  sides  oi  what  wo  may  call  a  conscious 
reflex  action ;  tho  intellect  gives  the  reason  or  stimulus  for 
oxerciso  of  the  volitional  power.     T  ions  are  more  com  pie) 

and  we  shall  not  discuss  thorn  ;  they  are  elaborate  mental  processes, 
in  which  sensations  predominate. 

The  intellectual  faculties  are  derived  from  the  senses;  sensat; 
form  t,hi'  iiKiLeriuls  fur  intellect;  in  other  words,  we  know  and  learn 
from  what  we  see,  feel,  hear,  taste,  and  smell.  People  I  0X11  blind  or 
deaf  thus  labour  under  the  great  disadvantage  of  having  one  or  the 
other  channel  of  knowledge  closed;  they  oan,  however,  mako  up  for 
this  in  some  measure  by  an  education,  and  consequent  increased 
sensitiveness  of  the  channels  that  remain  open. 

The  simplest  mental  operation  is  a  sensation — that  is,  the 
conscious  reception  of  an  impression  from  the  external  world.  For 
this  the  following  things  are  necessary  : — 

1.  A  8timul 

2.  A  Derve-endins  to  receive  it. 

3.  A  path  to  the  brain. 

4.  A  part  of  the  brain  to  receive  the  impulse. 
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hirth   through  congenital,  poortlj  through  acquired  axperiei 

the  brain  refers  the  sensation  to  the  nerve-ending  which  received 
the  stimulus;  thus  pain  in  the  finger  ia  referred  to  the  finger, 
the  sight  of  an  object  to  the  eyes,  etc.  If  the  ulnar  nerve  is 
stimulated  by  a  knock  on  the  elbow,  the  sensation  is  referred  to 
the  fingers  where  the  nerve  is  distributed ;  if  the  stump  of  a  recently 
amputated  leg  be  stimulated,  the  brain  not  li&viug  got  used  to  Hw 
new  condition  of  things,  refers  the  sensation  to  the  toes,  which  still 
seem  to  bo  present. 

Perception  is  a  more  complicated  mental  process ;  it  consists  in 
the  grouping  of  sensations,  and  the  imagining  of  the  object  from 
which  they  arise,  and  which  is  called  the  percept.  The  smell,  the 
taste,  the  colour,  etc.,  of  uu  orange  are  all  Beoiataofifl  ;  the  grouping 
of  these  together  constitutes  the  perception  of  an  orange.  Baoh 
mental  process  loaves  an  impress  on  the  mind  ;  these  impressions 
build  up  memory,  ar  representative  imagination;  this  may  be  1  (pro- 
ductive, as  in  recalling  a  friend's  face ;  or  constructive,  as  in  picturing 
the  face  of  an  historical  person. 

During  the  whole  operation,  moreover,  there  must  be  attention; 
it  is  quito  possible,  for  instance,  in  a  dreamy  person,  that  he  may 
look  at  a  thing  without  seeing  it,  or  be  present  at  a  lecture  without 
hearing  it. 

The  more  complex  intellectual  operations  consist  in  the  forma- 
tion of  concepts,  and  reasoning  the  grouping  and  discrimination  of 
conceptions.  Just  as  perception  is  built  up  of  sensations,  so 
conception  is  built  up  of  perceptions.  Thus  the  orange  of  our 
>jU8  example  is  learnt  to  be  one  of  similar  substances  called 
fruits ;  fruits  to  be  products  of  the  vegetable,  as  distinguished  from 
the  animal  world,  and  so  on. 

This  is  BeeD  ill  khfl  edaMtfcm  Of  0  child:  at  first  scattered  B8I 
tioofl  uiily  Hiv  '  I,  .1  ml  by  education  he  learns  what  ibr.se  sensa- 

tions ci>hvs|.mihI    fco  in   the  external   world,  and   how  y    hfl 

Classified.  The  other  mental  faculties  are  in  the  same  way  built,  of 
simpler  material ;  from  the  first,  perceptions  and  conceptions  find  an 
outlet  in  motor  activity ;  at  length  the  conscious  realisation  of  ideas 
of  movement  culminate  in  the  purposefid  actions  of  volition.  More- 
over, every  experience  contains  its  own  qv  \  pais  OZ  pleasure, 
and  produces  reflex  contractions  or  relaxations  in  v.im-uLu  and  other 
tissues,  which  in  their  turn  possess  a  painful  01  ple.iMii.iUr  BOB) 
ponent.  So,  too,  ideas  acquire  their  colouring  of  pain  or  pleasure, 
ultimately  elaborating  the  complex  emotions  of  sorrow,  joy,  etc 

The  nerve-endings  that  receive  the  impression  from  the  external 
world  are  of  various  kinds.  They  may  be  simply  ramifying  and 
interlacing  plexuses  of  nerve-fibrils,  as  in  the  «  orma,  parts  of  the 
skin,  and  in  the  interior  of  the  body;  this  kind  of  nerve-ending  is 
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chiclly  associate  1  with  general  sensibility,  that  vague  kind  of  sensa- 
tion which  cannot  be  put  under  any  of  the  special  headings — tasta, 
sight,  hearing,  touch,  and  sinelL  The  nerve-endings  of  the  nerves  of 
special  sense  an;  usually  end-organs  of  a  specialised  kind.  The 
p  frequent  kind  of  sens'  irgan  is  made  of  what  is  called 

nerve-epithelium..  a.  epithdli  of  the  surface  0  ody 

become  peculiarly  modified,  and  groaned  In  Bpeeial  ways  to  reoe 

ions  from  the  outer  world;  these  send  an  impulse  into 
the  arborisations  at  the  termination  of  the  axis-cylinders  of  the 
nerves  which  envelop  the  cells.     One  of  these  varieties  of  nerve- 

heUum  wo  bars  already  made  the  acquaintance  of,  in  the  h 

semicircular  canals;  wo  shall  find  ether  kinds   in  'l- 
li  i  r-cells  of  the  cochlea,  in  the  rods  and  cones  of  |  ia,  eta 

n  is  due  to  an  excessive  stimulation  'it'  tbu 
nerves,  hut  th.-re  is  some  evidence  that  it  may  he  a  distinct  sc< 
Tims  in  some  cases  of  diseases  of  sensory  channels,  tactile  sensation 
may  he  intact,  but  sensitiveness  to  pain  absent,  and  vice  versd  ;  see 
also  p.  668. 

The  other  essential  raatomioal  Deoeaeitiea  for  a  sensation 
oheunela  to  the  brain  with  their  numerous  cell-el  m  the  re 

•jttd  the  parts  of  the  brain  to  which  these  tracts  pass.     Blind  a 
instance,  may  not  only  be  due  to  disease  of  the  r. 
disease  of  the  optifi  warn,  >  •  parts  of  the  brain  to  which 

optic  nerve  passes. 

I  .stimulus,  or  a  small  increase  or  decrease  in  a  big  stimulus, 
will  have  no  effect;  a  Ught  touch,  a  feeble  light,  a  gentle  sound,  maj 
be  so  slight  as  to  produce  no  effect  on 

tulua  that  produces  an  eflbot  la  oalled  the  lower  limit  of  exritatic 
D  limen,  a  threshold)  intensity  of  the  sensatw 
The  height  of  sensibility  or  maximum  of  excitation  is  a  stimulus, 
strong  that  the  brain  is  incapable  of  recognising  any  increase  in 
a  bright  light,  for  instance,  may  be  so  intense  that  any  increase- 
its  brightness  ia  not  perceptible.  Between  these  two  extremes 
have  what  is  called  the  range  of  sensibility.     Must  of  our  ordinary 

.  laJBOOfl  fall  somewhere  about  the  middle  of  the  rauge,  ami  Wi$btr$ 
law  (as  expanded  by  Feehnor)  is  a  law  that  regulates  the  proporl 
between  the  stimulus  and  the  »  d  which  . 

this  region  of  the  range  of  sensibility.  In  general  terms  it  may  be 
stated  that  sensations  increase  as  the  logarithm  of  the  stimuli; 
or,  in  order  that  the  intensity  of  a  sensation  may  increase  in 
arithmetical  progression,  the  stimulus  must  increase  in  a  geometrical 
progression. 

A  definite  example  will  help  us  to  understand  these  mathen 
cal  terms  a  little  better.    We   will   select  our  example   from   the 
sense  of  vision,  because  the  intensity  of  the  cause  of  visual  sensa- 
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tiona,  light,  is  easily  measurable.  Suppose  a  room  lighted  by  100 
■::in.lli:a,  mid  one  caudle  more  is  brought  in,  the  increase  of  light  pro- 
duced by  the  extra  candle  is  quite  perceptible  to  the  eye ;  or  if  a 
caudle  were  removed,  the  decrease  in  light  would  be  perfectly 
appreciable.  Next  suppose  tin-  room  lighted  by  1000  candles,  and 
one  extra  was  brn  no  difference  would  Vie  seen  in  the  amount 

of  illiiiiiiiiiiiion;  in  order  to  notice  increase  or  decrease  in  the  light 
it  would  be  necessary  to  bring  in  ten  extra  candles,  or  take  away 
ten  of  the  candles,  as  the  case  might  be.  In  each  case  an  increment 
or  decrease  of  one-hundredth  of  the  original  light  is  necessary  to 
cause  an  increase  or  diminution  in  the  sensation. 

Tins  is  after  all  a  perfectly  familiar  fact;  a  farthing  rusldigl it 
will  increase  tin-  illumination  in  a  dimly-lighted  cellar,  but  it  makes 
no  apparent  diU'eic-noe  in  the  Wright  sunshine. 

The  magnitude  of  the  fraction  representing  the  increment  of 
stimulus  necessary  to  produce  an  increase  of  sensation  determines 
what  is  called  the  discriminative  sensibility.  This  fraction  d 
considerably  for  different  sense-organs ;  thus  : — 

Fur  light  it  is  ^fa. 

For  weight  it  is  \  to  »'-5  for  different  muscles. 

For  tactile  pressure  aV  to  ^  in  different  parts  of  the  body. 

Another  general  consideration  in  connection  with  sensation  is 
that  the  sensation  lasts  longer  than  the  stimulus ;  a  familiar  instance 
of  this  is  the  sting  after  a  blow.  The  after-sensations,  as  they  are 
called,  have  been  specially  studied  in  connection  with  the  eye  (see 
After-images).  • 

Subjective  sensations  are  those  which  are  not  produced  by  stimuli 
in  the  external  world,  but  arise  in  one'B  own  inner  consciousness; 
they  are  illustrated  by  the  sensations  experienced  during  sleep 
(dreams),  and  in  the  illusions  to  which  mad  and  delirious  people  are 
RligJGOt 

Homologous  stimuli. — Each  kind  of  peripheral  end-organ  is  speci- 
ally suited  to  respond  to  a  certain  kind  of  stimulus.  The  homo- 
logous  stimuli  of  the  organs  of  special  sense  may  be  divided  into : — 

1.  Vibrations  set  up  at  a  distance  without  actual  contact  with 
the  object;  for  instance,  light  and  radiant  heat. 

2.  Changes  produced  by  actual  contact  with  the  object;  for 
instance,  in  the  production  of  sensations  of  taste,  touch,  weight,  and 
nit  tuition  of  temperature  by  conduction  ;  in  the  case  of  the  olfactory 
end-organs,  the  sensation  is  also  excited  by  material  particles  given 
off  by  the  odoriferous  body,  and  borne  by  the  air  to  the  nostrils.  In 
sound  also,  though  there  is  no  actual  contact  of  the  ear  with  the 
vibrating  body  which  emits  the  sound,  the  organ  of  hearing  is  excited 
by  waves  of  material  substance,  first  of  air,  then  of  bones,  then  of 
oudolymph,  and  these  excite  the  nerve-endings  of  the  internal  ear. 
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When  the  eye  is  excited  by  any  other  kind  of  stimulus  than  hi 
light,  which  is  its  adequate  or  homologous  stimulus,  the  sensation 
experienced  is  light  all  the  same;  for  instance,  one  sees  sparks  when 
the  eyoball  is  struck ;  singing  in  the  ears,  the  result  of  an  accumula- 
tion of  wax  against  the  membrana  tympani,  is  a  similar  example. 

It  has  been  inferred  that  there  are  separate  nerve-fibres  for  the 
conveyance  of  each  kind  of  sensation,  and  Johannes  Miiller  expressed 
this  idea  in  what  is  known  as  the  law  of  specific  nerve  energy.  He 
pointed  out  that  the  same  nerve  may  be  stimulated  by  mechanical  or 
electrical  means  as  well  as  in  the  normal  physiological  manner,  and 
that  in  all  oases  the  sensation — light,  sound,  taste,  contact,  etc.,  as 
the  case  might  be — is  the  same.  Hence  it  was  argued  that  the 
psychical  effect  or  sensation  is  independent  of  the  nature  of 
stimulus,  but  dependent  on  the  nature  of  the  activity  of  the  central 
colls  among  whicn  the  afferent  fibres  terminate.  We  have  no  observa- 
tions which  can  decide  whether  the  nerve  impulses  passing  along 
the  optic  fibres  are,  for  instance,  similar  t<»  or  different  from  tl 
which  are  transmitted  by  the  auditory  fibres.  The  experiments  of 
Langley  and  others  on  nervo-crossing  (p.  173)  would  seem  to  indicate 
that  the  nervous  impulse  is  an  identical  process  in  all  nerves  ;  and  if 
this  i3  so,  we  are  obliged  to  infer  tliat  separate  nerve-fibres  coii 
the  impulses  destined  to  give  rise  to  different  sensations. 

It  is,  however,  possible  that  in  the  nerves  of  cutaneous  sensation,  the  psychical 

S  recess  is  determined  by  the  nature  of  the  peripheral  stimulus,  and  con&equ. 
liferent  branches  of  the  same  nerve-fibres  may  be  imagined  to  be  susceptible  to 
different  forms  of  stimulation,  and  thus  two  different  sensations  follow  from  the 
partial  stimulation  of  the  same  nerve-fibres,  llenng  even  argues  in  favour  of  Dm 
view  that  the  nerve  impulse  has  different  characters  in  different  afferent  nerves,  and 
further  that  it  may  be  modified  by  the  nature  of  the  normal  stimulus  (<•..•/.  in  the  skin. 
heat,  cold,  pain,  or  pressure).  In  the  absence  of  direct  experimental  proof  of  such 
an  Idea,  it  is  difficult  to  sec  upon  what  grounds  It  can  rest 
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The  tactile  end-organs  are  of  numerous  kinds,  but  the  following  are 
the  principal  ones  : — 

Pacinian  Corpuscles. — TheBe  are  named  after  their  discoverer 
Pacini.  They  are  little  oval  bodies,  situated  on  some  of  the  cerebro- 
spinal and  sympathetic  nerves,  especially  the  cutaneous  nerves  of 
the  hands  and  feet,  where  they  lie  deeply 
placed  in  the  true  skin.  They  also  occur 
on  the  nerves  of  the  mesentery  of  some 
animals  like  the  cat  They  have  been  ob- 
served also  in  the  pancreas,  lymphatic 
glands  and  thyroid  glands,  as  well  as  in  the 
penis.  They  are  about  -,'t  inch  long.  Each 
corpuscle  is  attached  by  a  narrow  pedicle  to 
the  nerve  on  which  it  is  situated,  and  is 
formed  of  several  concentric  sheaths  of  con- 
nective-tissue, each  layer  being  lined  by 
endothelium  (figs.  517,  518);  through  its 
pedicle  passes  a  single  nerve-fibre,  which 
loses  its  medullary  sheath  and  enters  a 
central  core,  at  or  near  the  distal  end  of 
which  it  terminates  in  an  arborisation.  Some 
of  these  layers  are   continuous   with  those 

nf  tin-  ].,■!  i in' i] Hii n;.  i m i  gome  an  rapec  added 
In  some  eases  two  nerve-fibres  have  been 
seen  entering  one  Pacinian  body,  and  in 
others  a  nerve-libre  after  passing  unaltered 
through  one  haB  been  observed  to  terminate 
in  a  second. 

The  corpuscles  of  Herbs t  (fig.  519)  are 
closely  allied  to  Pacinian  corpuscles,  except  that  thev  are  smaller 
;unl  longer,  with  a  row  of  nuclei  around   the  central  termination 


Fin.  lUL—  ExtR-Diitlfa  of  a  nerve 
of  the  on i,i! r  *IU>  rn-lnlm  cor. 

PMCll     atlw  h"\,    aliOat     Ul« 

natural   «l».     <'.v!»|>t*<l  from 
•  and  K..llilc»r.j 


of   the  nerve   in    the  core, 
tongues  and  bills  of  ducks. 


They  have  been  found  chiefly  in  the 


Fin.   &1».  '  a    PvlLia- 

'.n  human  iln^rr  nbuwfnr 
ttio  Miitothelifcl  niamhranes  Nnl 
cni^takti.  iu  atnl  Xvbl* 

n.) 

ami  is  composed  of  a  medullated 
nerve  -  fibre,     which     terminate* 
among  cells  of  various  shapes.    Its 
capsule  contains  a  transparon 
ited   core,    in    the    centre  of 
1 1  terminates  the  axis-cyl: 
lie  nerve-fibre,  the  ending  of 
I.  is  somewhat  club' 
520). 

Touch-corpuscleB  (Meissn 
corpuscles),  (figs.  521,  523),  are 
found  in  the  papillae  of  the  skin  of  the  fingers  and  toes.  They  are 
small  oblong  masses,  about  ttJ^  inch  long,  and  Afo  inch  broad,  com- 
posed of  conned  i\ •'•-!  issue,  surrounded  by  elastic  fibres  and  a  capsule 
of  more  or  less  numerous  nucleated  cells.  They  do  not  occur 
in    ail    the    papilla;   of    the    parts    where   they  are   found,  ami, 


ttnnlnailun  (T)  Is  toco  to  the  upj*r  p*rt.~  A 
blood- ymi«)(Y)  eaten  thi  P*Hnl»n  oorjiiude, 
au-i  »[iprc*ch«»  Ui« ocd :  it  i»mm»  •  *h»»th 
whK-h  U  thr  ■•■  mtlnuatii  .n  of  the-  . 

I  thu  farlriUn  corpitarlr . 
(Klein  and  Noble  HuttbO 
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a  rule,  in  the  papilla;  in  which  they  are  present  there  are  no  blood- 
vessels. 

The  peculiar  way  in  wliieh  the  medullated  nerve  winds  round 
and  round  the  corpuscle  before  it  enters  it  is  shown  in  fig.  523.  It 
loses  its  sheath  before  it  enters  into  the  interior,  and  then  its  axis- 


Uw  toagat  of  *  -luck.    a.  MtdalUt*! 
Mm  eat  ■  way.    ( K  lets.) 


W'. 


i.  J30.-Knrt.balb  of  Knum.  a.  Mt- 
duUatel  naxv*-llbf«;  6,  OapnM  of 
eorpascls. 


cylinder  branches,  and  the  branches  after  either  a  straight  or  con- 
voluted course  terminate  within  the  corpuscle. 

The  corpuscles  of  Orandry  (tig.  522)  form  another  variety,  and 


:  .-Papillae  from  the  akin  of  tU  bawl,  fret- J  fiun  Ui«  cutklo  and  •KbibHlt«  Memmtt* cwyuidw. 

a.  Slmi.l'-  [*jillla  with  font  ntrva-tlbrna;  a,  tartlla  rorpuacla;  6,  aarvaa  witli  win  Unit  flbrra  e  act 

|    Ua  lr*at».|  »iU.  «  ial  layer  with  <4lU  aad  Dm  tluUc  »Um«e.U;  V. 

barilla  corpoaela  witli   tnumvarea  nuclei ;  e,  nntnrlnK  iiarve ;   J  and  e,  oerrc-ftbrai  whaling  nnual 

th*  «.ri*a<-Ja.     \  iUO.    (K-Ulkar.) 

have  been  noticed  in  the  Ihwks  and  tongues  of  birds.    They  consist 
of  oval  or  spherical  cells,  two  or  more  of  which  compressed  vertically 

22 


732 


CUTANEOUS  SENSATIONS 


[CH 


are  contained  within  a  delicate  nucleated  sheath.  The  nerve  enters 
on  one  side,  and,  laying  aside  its  medullary  sheath,  terminates 
between  the  cells  in  flattened  expansions. 

Sensory     nerve  -  endings    in    muscle.  —  Nerve     term; 
sensory  in  function,  are  found  in  tendon.    These  appear  very  oi 
like  end-plates,  and  are  represented  in   figs.    52  J    .in  1    525. 


Pjo.  Ml.— Ajronnucte  of 
UrmiKlf) ,  fruai  Dm 
ttMgne,  of  »  .lurk. 


Flo.  628 — A  louch-coqitMcla  from  Ui- 

bmuAO  Uau-J.  iUUiK-l  »itli  gold  dUuridt 


ncuro- -muscular  hpuulles,  which  are  described  on  p.  86,  are  prinoip 
found  in  muscles  in  the  neighbourhood  of  tendons  and  aponeuroses. 
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Via.  124.— Termination  of  ■i«lnllale<i 
utrvc-Qbrc*  in  taodon  ue*r  Ui«  tnti*- 
cnlkr  tiiacrtiuu.    (Golgi.) 


i.  M6»— Om  of  Ik*   iBll'.-uIaldi  «uil'i-UUi 

.,    I31.T-   Uigfciy    magnified.     O, 

Mtdullatod    nerve-Cow;    t,    nUeuUtol 

••(►1-JiUUj.     (i 


One  of  these  spindles  is  shown  in  the  accompanying  drawing  | 
526). 

The  principal  grounds  for  believing  (he  neuro-musoular  spindles 

to  be  sensory  an-,  lust,  that  the  norve-fibre  "J'l''.v   HMD   do 

Dot  degenerate  when  the  anterior  roots  oi  the  spinal  nerves  are  Ottfc, 
and  secondly,  that  they  do  degenerate  when  the  posterior  roots  are 
divided  (Sh..-inngtuu).  idergo  degenerative  change.^ 
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locomotor  ataxy,  which  is  a  disease  of  the  sensory  nerve-uuits,  and 
remain   healthy  in   infantile  paralysis,  which  is  a   disease   of  the 


mkl 

Flo.  620.— Neuro-tnueculer  »i4r..  ..tr.,  n«rye  trunk;   m.i.b.,  motor  u»r*w  bundle: 

pl.t.,  pUte-endliic :  fr.t.,  prtimrj  leffre— itlng;  «.«.,  MOsmJuy  aaUlog.    (Alter  KuOnl) 

motor  ceils  of  the  anterior  horn  of  the  cord  (Batten). 

lu  addition  to  the  special  Bodotgans,  sensory  fibres  may 
tonmnrie  m  plexuses  ol  fibrils,  as  in 
the  sub-epithelial  and  the  intra-epithelial 
pkxus  of  the  cornea  (tig.  527)  and 
around  the  hair  follicles  in  the  6k  in 
generally.  In  some  cases  the  nerve-fibrils 
within  a  stratit  ■  I  <|.iihduun  end  in 
crescentic  expansions  {tactile  discs)  which 
are  applied  to  tin*  deeper  epithelium 
Those  are  well  seen  in  the  skin 
of  the  pig's  snout. 

Localisation  of  Tactile  Sensations. 

Tin-  ability  to  lormlioo  tactile  senaa- 
i  inns  mi  different  parts  of  the  surface  is 
proportioned  to  the  power  which  such 
parts  possess  of  distinguishing  and  iso- 
lating the  sensations  produced  by  two 
points  placed  close  together.  This  power 
depends  in  part  OH  the  number  of  tien  i> 
tibres  diatribe  i.od  r.o  the  part;  fur 
fewer  the  libi  b  .my  part  receives, 

the  more  likely  is  it  that  several  im- 
pressions on  different  contiguous  points 
will  act  on  only  one  nerve-fibre,  and 
hence  produce  but  one  sensation.  The 
■  ■xpi-riiiieiits  which  have  been  made  to 
determine  the  spatial  relationships  of 
the  cutaneous  sense  consist  in  touching  tin-  skin,  while  the  eyes 
are  closed,  with  the  points  of  a  pair  of  compasses,  and  in  ascor- 


Flu.  fti7.— VrrtireJ  vctkxi  uf  rnblife 
come*,  lUlued  with  gold  chloride. 
Tlie  Benrea  »,  terminate  in  ■  j>lexus 
nrwlrr  anil  within  the  rfdihellkl 
Uyrr. 
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tabling  how  close  ihe  points  may  be  brought  to  each  other,  and  still 
be  felt  as  two  points.    (Weber).     A  few  results  are  us  follow : — 

I  1 1  >  of  tongue Vinc-h  1mm. 

Palmar  surface  of  third  phalanx  of  forefinger       .  ,',  ..  2  „ 

P.ilm  ir  .Nurl.nc  of  set  wnd  phalanges  of  fingers      ■  t  „  4  ,. 

Palm  of  hand A ..  ..  10  ,. 

Dorsal  surface  of  first  phalanges  of  fingers.           .  ,  14 

Back  ol 'hand 1}  M  25  ,. 

Upper  and  lower  parts  of  forearm  l]  „  87  ,. 

Middle  of  thigh  and  back 2J  „  62  .. 

Moreover,  in  the  case  of  the  limbs,  it  was  found  that  before  they 
•An.'  teoogntaod  as  two,  the-  points  of  the  com  passes  had  to  be  further 
separated  when  the  line  joining  them  was  in  the  long  axis  of 
limb,  than  when  in  the  transverse  direction. 

According  to  Weber  the  mind  estimates  the  distance  between  two 
points  by  the  number  of  unexcited  nerve-endings  which  intervene 
between  the  two  points  touched.     But  the  number  of  nervo-endings 
ia  not  the  only   factor   in   the  MM     An   important  role  is  played 
"  local  signature."     Minute  areas  of  the  body  surface  have  each  t 
"  local  sign,"  i.e.,  the  sensation  arising  from  stimulation  of  one  area 

■rs  in   some  obscure  quality  from  the  sensations  arising   t 

nidation  of  neighbouring  areas,  thereby  acquiring  its  own  spa! 
colouring  which  enables  us  to  the  area  when  stimulated. 

The  difference  of  local  sign  between  two  near  points  may  be  imper- 
ceptible in  one  region  of  the  body,  but  fully  recognisable  in  another. 
Again,  the  delicacy  of  the  sense  of  touch  may  be  very  much  increased 
by  practice.  A  familiar  illustration  occurs  in  the  case  of  the  blind, 
.ii,  by  constant  practice,  can  acquire  the  power  of  reading  raised 
letters,  the  forms  of  which  are  almost  if  not  quite  undistinguishable 
by  the  sense  of  touch  to  an  ordinary  person. 

The  power  of  correctly  localising  sensations  of  touch  is  grade 
derived  from  experience.     Thus,  infants  when  in  pain  simply  cry- 
but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  oblei 
child   or   adult   would,   on    account  of   their    imperfect   knowledge 
of  its  exact  situation.    As  education  proceeds  the  brain  gets 
know  more  and  more  accurately  the  surface  of  the  body,  and  the 
map  of  the  surface  in  the  brain   is  most  accurately  known  where 
there  is  moat  practice  of  the  sense  of  touch.     The  great  delicacy  of 
tongue  as  a  touch  organ  in  judging  the  form  and  size  of  objects 
can  be  explained  by  the  fact  that  this  organ  has  to  rely  upon  the 
sense  of  touch  alone.     Usually,  in  ascertaining  the  shape  of  an  object 
or  the  part  of  the  skin  it  touches,  we  use  our  eyes  as  well    In  the 
■  ase  of  the  interim  of  the  month  tbia  ia  impoaaiolei 

The  different  degrees  of  sensitiveness  possessed  by  different  parts 
may  give  rise  to  errors  of  judgment  in  estimating  the  distance 
between  two  points  where  the  skin  is  touched.     Thus,  if  the  blunted 
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points  of  &  pair  of  compasses  (maintained  at  a  constant  distance 
apart)  are  slowly  drawn  over  the  skin  of  the  cheek  towards  the  lips, 
it  is  almost  impossible  to  resist  the  conclusion  that  the  distance 
)>etwecn  the  points  is  gradually  increasing.  When  they  reach  the 
lips  they  seem  to  bo  considerably  fu:  urt  than  on  the  cheek. 

Thus,  too,  our  estimate  of  the  size  of  a  CAVItr  in  a  tooth  is  usually 
exaggerated  when  based  upon  sensation  derived  from  the  tongue 
alone.  Another  curious  illusion  is  the  following: — If  we  close 
the  eyes,  and  place  a  marble  between  the  crossed  fore  and  middle 
fingers,  we  seem  to  be  touching  two  marbles.  This  illusion  is  due 
to  an  error  of  judgment.  The  marble  is  touched  by  two  surfaces 
which,  under  ordinary  circumstances,  could  only  be  touched  by  two 
les;  hence,  the  mind,  taking  no  cognizance  of  the  fact 
that  the  fingers  are  crossed,  forms  the  conclusion  that  the  two 
sensations  are  due  to  two  marbles. 


Varieties  of  Cutaneous  Sensations. 

The  surface  of  the  skin  is  a  mosaic  of  tiny  sensorial  areas ;  but 
these  areas  are  not  set  edge  to  edge  as  in  the  retina,  but  separai 
by  relatively  wide  intervals  which  are  not  sensitive  to  stimuli  just 
above  liminal  intensity.  If  the  stimuli  are  made  nearly  minimal, 
the  individual  fields  arc  reduced  to  small  spots.  Each  of  these  spots 
subserves  a  specific  sense,  touch,  cold,  warmth  or  pain,  and  each 
doubtless  coincides  with  the  site  of  some  special  end  organ,  placed 
either  singly  or  in  clusters.  The  "touch  spots,"  "cold  spots," 
"warmth  spots"  and  "pain  spots"  are  intercommingled.  In  « 
districts  one  variety  predominates,  in  others  another.  "  Pain  spots  " 
are  the  most  and  "  warmth  spots "  tho  least  numerous.  It  is  a 
matter  of  common  experience  that  the  sensitiveness  of  these  varieties 
of  cutaneous  sensation  differs  in  different  parts  of  the  body.  The 
tip  of  the  finger  which  is  very  sensitive  to  the  true  tactile  B6D08 
use  of  pressure  or  contact)  is  not  nearly  so  sensitive  to  alterations 
of  temperature  as  the  forearm  or  cheek  to  which  a  washerwoman 
generally  holds  her  iron  when  forming  a  judgment  of  its  temperatin  > 
Some  parts  of  the  skin  are  more  sensitive  to  pain  than  others,  and 
in  the  cornea  we  have  an  instance  of  a  surface  in  which  "  pain  spots  " 
alone  are  present. 

For  the  more  accurate  exploration  of  the  skin  ocsthesiomttcrs  of 
various  kinds  have  been  invented.  The  sense  of  pressure  may  be 
estimated  by  the  ability  of  the  skin  to  distinguish  different  weights 
placed  upon  it;  there  must  be  no  lifting  of  the  weight,  or  the 
muscular  sense  is  brought  into  play.  The  fraction  which  by  Weber's 
law  represents  the  discriminative  sensibility  (see  p.  717)  varies 
from  :i',-,  to  more  than  ,',,  in  different  parts  of  the  body.     It  does  not, 
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however,  fullow  that  the  acutencss  of  the  pressure  sense  varies 
exactly  aa  the  ability  of  accurately  localising  sensations ;  for  ins! 
the  skin  of  the  forearm  is  as  sensitive  to  pressure  changes  as  that 
of  the  palm;  and  the  tip  of  the  tongue  which  is  the  most  discrim- 
inative region  of  the  body  for  locality  is  not  so  for  pressure.  For 
pressure  stimuli  which  are  near  the  limen  or  threshold  of  sensation, 
the  hair  sesthesiometer  is  much  used;  tliis  is  a  hair  or  bristle 
mounted  in  t  bold  bristle  can  be  shifted  backwards  or  for- 

wards in  the  holder,  and  the  amount  of  pressure  it  exercises  can 
thus  be  varied.  It  is  used  for  the  exploration  of  ■  touch  spots,"  and 
these  are  found  most  numerously  around  the  hair  follicles.  The 
touch  spots  are  more  numerous  in  some  parts  than  in  others,  but 
fifteen  for  each  square  centimetre  of  skin  is  a  rough  average.  To 
explore  "pain  spots"  a  mounted  needle  is  used;  in  Grieshach's 
instrument  the  needle  shifts  up  and  duwn  in  the  holder,  and  works 
against  a  spring  which  registers  the  amount  of  pressure  exerted  to 
evoke  a  painful  sensation.  In  a  "pain  spot"  the  sensation  is 
unaccompanied   by  "cold"  or  "warmth,"  even  if  a  cold  or  warm 

needle  is  used.     For  the  exploration  of 

"heat  spots"  a  small,  hollow,  met 

pencil    is    kept    wann  by  a   stre;  I 

mum    water;   this    is    moved   over    the 

surface;  there  are  some  points  where 

the  sensation  is  purely  tactile,  but  at 

i        la  spots"  the  pencil  will 
uncoinfortul.lv    warm.      "Cold   spots" 
can   be  similarly   ma]  ut  by    the 

use  of  a  cold  pencil.     The  accom; 
ing  figure  (fig.  528)  indicates  a  small 
piece  of  the  skin  of  the  thigh  with  the 
"  heat  spots  "  horizontally  and  the  "  cold 
spots"  vertically  shaded. 

All  these  facts  clearly  indieate  that 
different  Tsridtiafl  of  BOnsatiOB  aro  the  result  of  the  stimulation  of 
dilf.-iont.  end  organs,  and  that  the  impulses  are  ennv.vi  1  to  the 
I  nervous  system  by  different  groups  of  nerve-fibres;  tliey 
moreover  form  the  clearest  piece  of  evidence  we  have  that  pain  is 
a  distinct  kind  of  sensation. 

The  question  is  more  difficult  to  answer,  which  particular  end 
organ  is  concerned  with  each  variety  of  sensation.  There  is,  how- 
little  doubt  that  the  nerve-fibrila  around  the  hair  follicles  of 
the  short  hairs  are  the  terminations  most  affected  by  changes  of 
pressure,  and  also  that  Meissncr's  corpuscles  are  purely  tactual, 
taking  the  place  of  hairs  in  hairless  parts.     In  t:  ir  surface 

last  phalanx  of  the    index   linger,  there  are  21  Meissner's 


Fw.  518 — ll*»t  »  i 
(Wallar,  *ft«r  Gol<Ucbit<9«r.) 
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oorpoaolea  per  square  centimetre;  in  other  pertfl  of  the  pnlm  and 
••   the  numlx  s  from  2  to  8.     End-bulbs  are  believed  to 

be  the  organs  for  cold  ;  they  are  most  numerous  in  the  conjunctiva 
and  glans  penis,  wheTe  " cold  spots  "  are  almost  exclusively  pres>- 
The   end   organs   in   "heat  spots"  have  not  been  identified   with 
certainty,  but  they  are  probably  larger  organs,  and   placed   more 
■  l.wjilv   in  the  skin. 

We  have  spoken  of  the  pressure  sense  as  the  true  tactile  sense; 
but  led  out  many  years  ago  that  the  hand  immersed 

in  a  fluid  like  mercury  at  body  temperature,  does  not  feel  the  contact 
of  the  fluid,  although  the  fluid  pressure  may  be  far  above  the  limen ; 
it  is,  however,  equal  in  all  directions;  it  is  therefore  clear  that  the 
adequate  stimulus  for  touch  organs  consists  in  a  deformation  of  tho 
skin  surface. 

As  compared  with  the  sensation  obtained  from  pain  spots,  torn  I 
is  quicker  both  in  development  and  subsidence.  Tnus  vibrations  of 
strings  are  recognisable  as  such  by  the  finger,  even  at  a  frequency 
of  1600  vibrations  per  second  A  revolving  wheel  with  toothed  edge 
does  not  give  a  sensation  of  smoothness  till  the  teeth  meet  the  skin 
at  tho  rate  of  from  480  to  G40  per  sec 

Adaptation  plays  a  part  as  important  in  cutaneous  as  in  other  sensations.  The 
same  room  feels  warm  to  a  man  who  enters  it  from  the  street,  and  cold  to  another  who 
has  been  in  a  conservatory,  tiering  colls  the  point  of  adaptation  to  temperature  "  the 
physiological  tern."  Thus  the  temperature  of  the  mouth  and  the  lips  may  actually 
differ  by  SCTeral  degrees,  yet  neither  of  them  will  feel  hot  or  cold  because  each  is  at 
the  physiological  cent  temperature.  Sensations  of  warmth  or  cold  an-.c  when  the. 
physiological  rero  is  altered  i  they  persist  until  a  new  zero  is  funned,  i.t.,  until  adapta- 
tion i-.  i-..i.i]i|.-te.  So.  too.  heavy  v.  [feel  unduly  In  ivy  after  light  weights,  and 
vie*  vtrtii.  When  eyeglass*-  teeth  are  firs!  worn,  their  contact  is  well  i 
unbearable;  yet  later,  through  adaptation,  th  bit  becomes  ncgligeablc. 

It  is  very  difficult  to  dnw  any  hard  and  fast  line  between  the  cutaneous  sensa- 
tions hitherto  described,  and  those  which  are  grouped  under  the  name  "common 
sensibility."  Sensations  which  arc  difficult  to  describe  but  which  are  perfectly 
familiar,  such  us  those  accompanying  tickling,  shivering,  shuddering,  and  the  like, 
are  regarded  as  varieties  of  "common  sensation."  Pain  may  be  looked  upon  as  an 
excessive  form  of  "common  sensation,"  but  cutaneous  pain  is  so  distinct  a  sensation 
that  most  psychologists  agree  to  place  it  under  a  *•  special  rather  than  a  "common  " 
heading. 

The  term  "common  sensation  H  is  most  li«  MnM  ntly  employed  in  reference  to  sensa- 
tions from  the  interior  of  the  body,  and  in  this  connection  Head's  work  on  the 
relation  of  internal  to  cutaneous  pain  must  be  mentioned.  To  him  we  owe  the 
knowledge  of  the  spatial  relationship  of  the  associated  sensations,  and  this  is  of  a 
segmental  nature.  Karh  viscus  stands  in  relation  with  a  definite  patch  of  skin: 
that  b  to  say,  the  afferent  fibres  from  the  ddD  and  from  the  viscera  belong  to 
corresponding  spinal  nerve-roots.  Localisation  of  painful  or  uncomfortable  feelings 
arising  from  disorders  of  internal  organs  is  always  very  difficult  :  I  .iter] 

skin  pains  play  an  important  part  in  ascertaining  the  position  of  internal  maladies. 

liimji.  i  ocaine  applied  locally  depresses  all  forms  of  cutaneous  sensihility. 
but  especially  the  true  tactile  sense  ;  carbolic  acid  acts  similarly  but  less  strongly. 
Chloroform  produces  a  temporary  burning  sensation,  and  then  blunts  scusibiliiy 
especially  to  temperature  changes.  Menthol  produces  a  feeling  of  local  cold  because 
it  rirst  causes  hyperersthcala  of  the  end  organs  for  cold ;  this  Is  followed  by  a  depres- 
sion of  the  same  end  organs. 


728 


CUTANEOUS   SENSATIONS 


The  Muscular  or  Kinesthetic  Sense. 

I'.y  the  muscular  sense  we  become  aware  that  movement  is  taking 
place  in  Home  part  of  the  body.  We  ate  especially  conscious  uf  willed 
inn  ion,  anil  the  muscular  sonsc  OU  thus  been  confused  and 

identified    witii    tin    "feeling  of    inm-i  v.ilinn,"    0]  ■    of  effort," 

which  acoompanirrs  volitional  moveaumtB.    P» v  *  has 

been  attributed  to  a  direct  discharge  from  th  to  the  sensory 

cells  of  the  cerebral  cortex  occurring  at  the  very  birth  of  the  effer- 
ent impulse.  liut  most  physiologists  of  the  present  day  regard  the 
sense  of  effort  aB  due  to  afferent  impulses  peripherally  generated  by 
tin- accompanying  respiratory  and  other  strain*;  and  they  no  Ion. 

iiler  it  as  a  v.-ty  important  Eaetor  in  efleol  limating  mo 

ment.  It  is  in  tkfl  estimation  of  weights  that  the  value  of  peripheral 
sensations  to  the  muscular  sense  can  he  mo.si  i  nin. 

When  a  weight  is  first  handled,  the  amount  of  force 
lift  it  is  estimated  in  the  light:  of  |  rienco.     As  it  is  MQ 

lifted,  sensations  from  the  moving  liml-  guide  the  expenditure  of  force: 
a  weight  which  Hies  up  too  fast  or  does  not  move, at  once  calls  for  less 
or  more  muscular  force.     Similarly  the  muscular  sense  is  invoked 
win >n  we  estimate  the  extent  to  which  we  have  moved  our  lira be, 
to  which  they  have  been  passively  moved  by  others. 

Those  gttiding  sensations  ate  net  merely  of  cutaneous  origin. 
Persons  whose  skin  has  been  rendered  insensitive  by  cocaine,  oi 
certain  diseases,  yet  retain  the  power  of  estimating  weights  and  the 
extent  of  their  movement  In  locomotor  ataxy  the  muscular  sense 
may  be  destroyed  wlule  the  skin  retains  its  usual  sensitiveness  bo 
On  the  other  hand,  we  must  rcmcmlicr  tliat  it  is  not  at  all 

certain  that  the  nraaoleo  are  solely  or  evei   dp  dominateiy  the  sea 

these  peripheral  sensations,  and  thai  therefore  " kin.-e.-iiiehc  sense" 
•is  a  term  preferable  to  "muscular  sense."  It  is  true  that  sensory 
end-organs  and  nerve-fibres  occur  in  muscles  and  tendons,  which  pue- 
sumably  transmit  impulses  upon  change  of  muscular  form  or  of 
ti Mutinous  strain.  But  we  liavc  experimental  evidence  that  the 
pressure  and  movement  of  joint-surfaces  are  important  factors  in  tl  • 
development  of  kinoesthetie  sensations.  The  "muscular  sense"  is 
thus  of  very  complex  origin. 


CHAI'TEIi    LI  I  I 


TASTE  AND   8MKr.L 


Taste. 

Certain  anatomical  facte  must  bo  studied  first  in  connection  with 
the  tongue,  the  upper  surface  of  which  is  concerned  in  the  reception 
of  taste  Btimuli. 

The  tongue  is  a  muscular  organ  covered  by  mucous  membrane. 
The  muscles,  which  form  the  greater  part  of  the  substance  of  the 
tongue  (intrinsic  muscles)  are  termed  hnguales;  aud  by  these,  winch 
are  attached  to  the  mucous  membrane,  its  smaller  and  more  delicate 
movements  are  performed. 

By  other  muscles  (extrinsic  muscles),  like  the  genio-hyoglossus, 
the  styloglossus,  etc.,  the  tongue  is  fixed  to  the  surrounding  parts; 
and  by  these  its  larger  movements  are  performed. 

Its  mucous  membrane  resembleB  other  mucous  membranes  in 
essential  points,  but  contains  papilla,  peculiar  to  itself.  The  tongue 
is  also  beset  with  mucous  glamls  (fig.  530)  and  lymphoid  Dod« 

Tin  lingual  papilla  are  thickly  set  over  the  Ulterior  two-thirds 
of  its  upper  surface,  or  dorsum  (fig.  529),  and  give  to  it  its  character- 
istic roughness.  Three  prineij>al  varieties  may  be  distinguished, 
namely,  the  (1)  circumvallatt.,  the  (2)  fungiform,  and  the  (3)  conical 
and  filiform  papillae.  They  are  all  formed  by  a  projection  of  the 
Barium  of  the  mucous  membrane,  covered  by  stratified  epithelium; 
they  contain  special  branches  of  blood-vessels  and  nerves.  The 
eonum  in  each  kind  is  studded  by  microscopic  papilla1. 

( 1.)  CiroumvallcUe, — These  papilla?  (fig.  53J ),  eight  or  ten  in  numlier, 
are  situate  in  a  V-8haped  line  at  tho  l>ase  of  the  tongue  (1,  1,  fig.  529). 
They  are  circular  elevations,  from  ■Mh  to  ,'..th  of  an  inch  wide  (1  to 
2  mm.),  each  with  a  slight  central  depression,  and  surrounded  by  a 
circular  moat,  at  the  outside  of  which  again  is  a  slightly  elevated 
ring  or  rampart;  their  walls  contain  taste-buds.  Into  the  moat 
that  surrounds  the  central  tower,  a  few  little  glands  (glands  of 
Ebner)  open.     They  form  a  thin,  watery  secret i OB, 


dorsum,  of  the  tongue ;  their  name  ia  derived  from  their  being  shaped 
like  a  puff-ball  fungus.     (See  tig.  532,  a) 

(3.)  Conical  and  Filiform. — These,  which  are  the  most  abundant 
papulfB,  are  scattered  over  the  whole  apJH  "gue, 

but  especially  over  the  middle  of  tin    &  rvum,     Tl  in  shape. 
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some  being  conical  (simple  or  compound)  and  others  fUifol 
arecov»Ti'il  by  a  think  layer  of  epithelium,  which  is  either  arranged 
over  them,  in  an  imbricated  manner,  or  is  prol  razn  their  sur- 

r'nrm  of  line  stiff  projections 
(fig.  533).  In  carnivora  they  are  devel- 
oped into  horny  spines.  From  th-ir 
structure,  it  is  likely  that  these  papilla 
have  a  mechanical  and  tactile  fttnetiOD, 


■ 


',31.— Vertical  wwUmr  nrarlrmniralUU  i*|>HU 
of  ih»  ralf.     1  and  a,  K{  Ithelfal  lay*r*  nuvaitag  It ; 

•  i«te.hnd»  ;  4  and  f,  dart  of  ««roo»  rIhmI  opa»- 
li|  <  ut  into  the  lilt  tn  whlrh  r»|illla  U  aitaaled ; 
.'.  and  r.,  norve*  ramifying  within  th«  papdU. 
(Kniplmaim.) 

rather  than  that  of  taste;  the  latter 
Banefl  fa  seated  esp«-f  ially  b  the  other 
two  varieties  of  papilla?,  the  circumvallate 
and  the/unTi/ortfi. 

In  the  circumvallate  papilla;  of  the 
tongue  of  man  peculiar  structures  known 
as  tastt-buds  are  found.  They  are  of  an 
oval  shape,  and  consist  of  a  number  of 
closely  packed,  very  narrow  and  fusi- 
form, cells  {gustatory  cells).  This  central 
core  of  gustn'i  ;  is  enclosed  in  a  single  layer  of  broader  fusi- 

form cells  (encasing  cells).     The  gustatory  cells  terminate  in  tine  stiff 
pikes  which  project  on  the  free  surface  (fig.  534,  a). 

These  bodies  also  occur  in  considerable  numbers  in  the  epithelium 
of  the  papilla  foliata,  which  is  situated  near  the  root  of  the  tongue 
in  the  rabbit,  and  is  composed  of  a  number  of  closely  packed  papilla- 
very  similar  to  the  circumvallate  papilla*  of  man.  Taste-buds  arc  also 
ret!  over  the  posterior  third  of  the  tongue  and  the  pharynx,  as 
low  as  the  posterior  (laryngeal)  surface  of  the  epiglottis. 

The  gustatory  cells  in  erior  of  the  taste-buds  are  sur- 

rounded by  arborisations  of  nerve-fibres. 


Fm.  480.- SeoUoQ  uf  j  ibiiom*  gUnit 
n  i>g   of 
tbo   duct  vn    Uw   free  nurfj 
tawinrul    membrane  with   m 
D.  flattened  q.rihWial  cella   UdIdc 
■     Tb«  <hrct  dlridoa  Into  MTanu 
bnacbea.  which  are  conrolated  mil 
•nil   Mindly,    being   lb  •  ■ 
out   by  columnar  epllhrlltir 
loninn  of  ana  of  the  t 

eltd.       x    W.    (Klein  and    Ni»M» 
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The  middle  of  the  dorsum  of  the  tongue  is  not  endowed  to  any 
great  degree  with  the  sense  of  taste;   the  tip  and  margins,  and 


Flo,  MS. — Surt*r»  and  ureUoii  of  th*  fungiform  paplUr.     A.  Tim  «urf»<»  of  a.  fungiform  p>pBl»,  p»rtl»31jr 
dwiudodof  lUapitiielluiu;  p,  wcrowry  p*pu>«;  f,  "puhelluni.    H,  taction  of  i  »j>ll!» 

wtlh  Ui»  blond-veanls  liyec.Ud;   n,  »rvry;  r,  vein  ;   r,  rar.lll&ry  loop*  of  ■tmlUr  papilla-  In  thn 

i.  «tnKtura  of  Ui»  t>iit»»;  U.  capillary  loop*  of  tba  »«  I*  ;  t,  •pit).' 

(Kmm  K.illlkcr,  iiw  Todd  and  Dowmin,) 


i.illy  the  posterior  thin!  of  the  dorsum  ((.«.,  in  the  region  of  the 
taste-buds),  possess  this  faculty.  The  anterior  part  of  the  tongue  is 
supplied  by  the  lingual  branch  of  the  fifth  nerve  and  the  chorda 
i.ympani,  and   the  posterior  third   by  ^so-pharyngeal  nerve. 

nation  has  arisen  whether  there  Efl  more  than  one 
nerve  nf  taste.  The  view  generally  held  is  that  the  glossopharyngeal 
fa  the  nerve  <»f  taste,  and  the  lingual  tbfl  nerve  of  tactile  sensa- 
tion Nevertheless,  the  lingual  and  the  chorda  tympani  do  contain 
taste-fibres,  which  probably  take  origin  from  the  cells  of  the  geniculate 
ganglion  ;  the  central  axons  of  these  cells  pass  by  the  pars  intermedia 

bo  toe  sensory  nneleut  el  Ita glossopharyngeal  nerve.   Glowers  holds 
the  fifth  nerve  is  the  only  nerve  of  taste,  and  has  recorded  a  case 
of  loss  of  taste  where  the  fifth  nerve  alone  was  the  seat  of  disease; 
other  oases,  t>  wever,  do  not  rapport  this  new. 


Tastes  may  be  alsssifiocl  into — 

1.  Sweet  2.  Bitter. 

8.  ."'■  4.  Sah' 

Whether  alkaline  and  metallic  tastes  are  elementary,  is  as  yet 
aided.  All  tfae  ebove  affect  to  a  varying  extent  tho  nerves  of 
tactile  sense  as  well  of  those  of  touch  proper,  sweet  having  the  least, 
acids  tho  most  marked  action  upon  the  latter.  Sweet  tastes  are  best 
appreciated  by  the  tip,  acid  by  the  side,  and  bitter  tastes  by  the 
back  of  the  tongue. 

The  substance  to  be  tasted  must  be  dissolved;  here  there  is  a 


Vio.   5W.— Ta»t»-hii't  front   i1i^'«  «.iilHU>tU« 
Gutocm]  aarteM  new  it*  baa*),  pnctMljr 

•i"  ' •<  ■>■  ku    i-    lb  m  m  i  la 

Uw  tonjoe.  «.  D*j«e«ton  b  •jiIUmIiow 
or*r  bad:  below  Ui«  letter  »r»  mth  the 
Ou  liair-Uk«  iirovan*  in  «bii  b  Utt  «*1U 
umilntK,  c.  k*a  nuclei  of  the  axial 
Gtu*UV>n>)  r»lU.  The  more  eupefflelal 
urn-lei  LrluoK  tu  lha  auptrOclal  fancaeiiu:) 
ceUt;  tfe*  ooav«|tng  ltooa  kaaWte  the 
fn  •ifnrtn  ehape  of  tbe  aneaaliiK  Cella. 
tall) 


:.— FUltorm   p«t>Qlio,  'i'n   willi   »jiitli*ihim, 
V.— j>.  The  eutaUnoe  of  the 
(•jillt  ■    tlMir    U|ip  r    riUcQilUe*  lata 

MHurAmry  |ia|illl«i:  >i,  arury,  an<l  t,  veiii, 
Into  capillar  •..  i»i  ooTtflox,  lamm. 

»l»l  Wtnavn  the  pai-llU-,  twt  •xt*n<l*'l  Intg  Uair- 
ilke  tirucena*,  /,  from  the  extreciiUe*  of  the 
Mcun.Wr  will*.     (Pi  I         ' 

ami  Bowman.) 


withdraws  the  tongue  to 
speak,  the  material  gets 
widely  spread.  The  more 
concentrated  the  solution, 
and  the  larger  the  surface 
acted  on,  the  more  intense 
is  the  taste ;  some  tastes  are  perceived  more  rapidly  than  others, 
saline  tastes  the  most  rapidly  of  all.  The  heat  temperature  of  the 
substance  to  be  tasted  is  from  10°  to  35"  C.  Very  high  or  very  low 
temperatures  deaden  the  sense. 

Individual  papilhe,  when  thus  tooted  with  various  solutions,  Bl 
great  diversity    from    BOmfl  "idy  one  or  tv,      !      tea  can   1 
from  others  all  lYnir,     The  papilla;  may  also  be  Minnil.-it  ill\ 

It  is  possible  by  shewing  the  leaveB  of  an  Indian  plant  (Gynmenia 
sylvestre)  to  do  away  with  the  pow.ir  Bl  tasting  bitters  and  sweets, 
while  the  taste  for  acids  and  salts  remains. 
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it will  thus  be  seen  that  there  are  many  facts  pointing  to  the 
conclusion,  that  the  varieties  ol  gustatory  luce  those  of  ontaneonfl 
sensation  are  due  to  the  stimulation  of  differ  organs. 

When  diluted  sweet  and  salt  solutions  are  simultaneously  appl 
1,1  Use  one  another,  bat a  true  in  liti'-ront 

point  is  difficult-  or  impossible  to  reach.     Sweet ;» 

ns  are  antagonistic  to  a  similar  but  less  j.cif.vi 
extent.     Oonl  ts  of  one  taste  upon  tatters  of 

oonnnon  observation,  Iratoanonl]  ted  with 

great  difficult 


Xfcl 


Smell. 

Tlir  entrance  to  the  nasal  cavity  is  lined  with  a  mucous  in 
closely  resembling  the  .skin      The  greater  part  of  I  he  rest  of   the 

cavity   is   lined    with    ciliated   epi- 
thelium ;   the  coriura  is  thick  and 
contains   numerous  mucous  glands, 
in    man    is 
il   In  a    portion   of    the    mem- 
brane  covering  the   upper    turbinal 
md  is  01  square  milli- 

l  iii  area.    This  area  is  larger 
in  animals  with  a  keener  sense  of 
smell   than  we  possess.     The  cellB 
are  of  several 
kinds: — first,  D  ir    cells    not 

I  (fig.  533,  st),  with  the  broad 
end  at  the  surface,  and  below 
tapering  into  an  irregular  branched 
process  or  processes,  the  termina- 
tions of  which  pass  into  the  next  layer:  the  Becond  kind  of  cell 
(fig.  535,  r)  consists  of  a  small  cell  body  with  large  spherical  nuc 
situated  between  the  B&dfl  of  the  first  kind  of  cell,  and  sending 
upwards  a  process   to    fch<  SO  between  the  cells  of   the   first 

kind,  and  from  the  other  pole  of  the  nucleus  a  process  towards 
the  corium.  The  latter  process  is  very  delicate  and  may  l>o  varicose. 
The  upper  process  is  prolonged  beyond  the  surface,  where  it  becomes 
stiff,  and  in  some  animals,  like  the  frog,  is  provided  with  hairs. 
These  cells,  which  are  called  offlutorial  ceils,  are  numerous,  and  tin- 
cells  not  being  on  the  same  level,  a  0  v.ilv 
er  is  the  result  (fig.  537,  b).  In  the  coriiim  m 
I  Dumber  of  serous  glands  called  Bowman's  glands.  They  open 
upon  the  surface  by  fine  ducts  passing  up  between  the  epithelium 
cells. 


*l- 


•  >ry   rnttkxi  of 
tbo    nbliiu      if, 

olf»ctorl»!  -■.  rill*- 

like    liivoewa ;     *>,    cw'.U    t rum    B  iwtu»u'« 
.     QBUStrO 
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The  distribution  of  the  olfactory  nerves  which  penetrate  the 
cribriform  plate  of  the  ethmoid  boue  and  pass  to  this  region  of  the 


Mb— {tarvM 

ulficUiry  antrtm  pmtai 

uaso  i>»l»Un»  nerve*. 


fr  w 

mtptrnm  mm.  mm  1Mb  U»  tight  (Mo.    |.—I,  The  olDu-.tocjr  ball.;  I,  Uw 

.     .  i  i 

•anal  or  MfiUl  laiftof  tiwnuallirauch  of  Uia  ophthalmic  nwm;  8, 
(Frvm  Sappey.  »H»r  lJinchfeM  »u«l  tavalM.) 


have  termed 


we 


nasal  mucous  membrane  is  shown  in  ii^.  536.    The 

continuous  with  tine  inner,  processes  of  the  cells 
olfactorial;    the    columnar    cells    between 
these  act  as  supj.orl.s  to  them. 

Tk«  olfactory  tract  is  an  outgrowth  of 
the  brain  which  was  originally  hollow,  and        jj 
remains  so  in   many  animals;  in  man  tin 
Cavi:  is  iicru- 

jiicil  by  neuroglia:  outside  this  the  u-l. 
tibreB  lie,  and  a  thin  superfieia]   layer  of 

iroglia  cowrs  these.     The  three  "  roots  "      eg 
of  the  olfactory  tract  1  to        ■ 

the  unci  rua  and  hippoonmpal  regions 

of  the  Same  Bide  Of   the   brain,  which    is  t  In* 

portion  experimentally  found  to  beaasooi-      BJ 

ated  with  the  reception  "f  olfactory  impulses 
(see  p.  690).     From  the  cells  of  the  grey 
er  here  fibres  pass  by  a  oomplex  path 
to  thocorresp  regions  of  th 

I         I  is  also    a   communication  vid 

a  with   the    opl 
thalamus  and  tegmentum  of  the  mid-brain, 

Tlu  olfactory  bulb  hai  a  mors  BOmplioated  SI  above  there 

is  lirst  a  continuation  of  the  olfactory  tract,  (white  fibres  enclosing 


Km.    W)  'agraramatic 

Mcilou    Uirvutfh  lb*   olfaeuwy 
U  mteibrao*  of  lh»  new- 
born     i  Kun-aadrar; 

ll  1l*>\  |NlrtlOU. 

•-,  nrnim;  dd, 
man'*  glauill.    (M.HrliaUz*.) 
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neuroglia);    below   this   four  layers   are  di^  liable;  they  are 

shown  in  the  accompanying  diagram  from  Kamon  y  Cajal's  work, 
the  histological  mell  I   being  Golgi's. 

(1)  A  layer  of  white  fibres  containing  numerous  small  cella,  or 
" granules"  (d). 

(2)  A  layer  of  large  nerve-cells  called  "mitral  rclls"  (c),  with 


FlO.  W. —  N.i.  Mm  olfactory  »iijiiu »iu».     x,  HI|m.Iiu  calls  i»f  tho  ulfcctory  «p|»t»lu» 

(Max  Holiulue'a  olfactorlal  colli):    *,  olfactory  glomarull;  c,  mitral  oalls;  d,  «rai»ul*  go 

r,  ftff  matter  of  tho  »ji»ibii.i|.I»I  frfrii  of  tit* 
cortex ;  «i,  email  c*ll  uf  Ui«  uilUal  lajer ;  6,  l«ik»t  or  a  Kluuianilm  :  r,  ei>luy  tauk«t  of  a  granule  ; 
r,  collateral  uf  the  axla-cy Under  |<pirata  of  a  mitral  call ;  /,  collateral*  UinnUiavlu/  In  tlir  molecular 
laynr  uf  the>  frontal  ami  nulienoMal  convolution*;  0,   tQpti  ilar  i»ll«   of  the  cortax; 

ft,  aupinjftlrig  epithelium  oeUs  of  tan  olfactory  muooua  membrane.    (Ramon  y  Cajal.) 


Bmaller  cells  (a)  mLxed  with  them.  The  axis-cylinder  processes  of 
these  cells  pass  up  into  the  layer  above  and  eventually  become  h'bres 
of  the  olfactory  bract  e,  which  passes  to  the  grey  matter  of  the  base 
of  the  brain  t.    They  give  off  numerous  collaterals  on  the  way  («/). 

(3)  The  layer  of  olfactory  glomeruli  (b).     Each   glomerulus  is  a 
basket-work  ox  fibrils  derived  on   tho  one  hand  from  the  tenui 
arborisations  of  tho  mitral   cells,  and   on    tho   other   from    similar 
arborisations  of  the  non-medullated  fibres  which  form  the  next  layer. 

(4)  The  layer  of  olfactory  nerve-fibres. — These  are  non-medullated  ; 
they  continue  upwards  the  bipolar  olfactory  cells,  or  as  we  have 
already  termed  them,  ihe  ol  factorial  cells  of  the  mucous  membrane. 

knixnals  m.iy  1m-  divided  in!.,  i  liroo  classes : — those  which.  Like 
porpoise, have  no  sense  of  gtneiQ  [anQ8tnaiio)\  those  which  possess  it  in 
comparatively  feeble  &BJ  UL,  most  primates,   monotremes.   and 

Borne  cetacea);   those  are  called  natSe,     In  man  the  thickness 

of  the  olfactory  membrane  iB  only  006  mm.  Most  mammals  are  in 
contra-distinctioii  mucrosmatic,  the  thickness  of  the  membrane  being 
01  mm.  or  more,  and  its  area  larger. 
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The  nun toui  Daembrane  moat  be  neither  too dri  i ;  if 

•  i  ''.ill  we  are  unable  to  smell  odours  or  flavours 
really  odours).    When  liquids  are  poured  into  the  dob  D  ifl 

imperceptible,  aa  they  dama-.  olfactory  m:  owing  to  the 

difierenoe  of  oemotii  pre  ran  a  a  "normal"  saline  Bola- 

liuii  of  |  i  t!  is  still 

lost  so  long  as  aii  ■■•.eluded   from   tin;  irnaal 

!         I  accessary  that  odorous  MdiHtanccs  shoulu 

in  ;i  gaseous  state  in  order  to  act  upon  the  olfai  tnry  epithelium;  thej 
are  propagnt  lv  by  diffusion. 

Generally,  the  odours  of  homologous  series  of  compounds  increase 
in  intensity  with  in<.  I,  but  bodies  of  very  low 
molecular  weight  are  odourless,  while  vapours  of  very  high  molecular 
weight,  which  escape  and  diffuse  slowly  have  little  or  no  smoll.  A  slight 
change  in  •  I  constitution  may  produce  marked  alteration  in 
the  character  of  the  odotur  of  a  substance;  oettein  modes  of  atomic 
grouping  within  the  molecule  appear  to  be  idorifezooj  I 
others.  Attempts  have  been  made  to  discover  the  el I  ay  sensa- 
tions of  smell,  but  hitherto  with  scant  success.  Many  odours  have 
unquestionably  a  complex  physioloj.'!  i.  Pot  example)  when 
nitrobenso]  to  hull  before  the  nose,  it  yield  t  the  emeu  of  helio- 
trope, ne\i  the  smell  of  bitter  almonda,  and  Bnallj  the  smell  of 
benzene;  just  as  if  different  end-organs  i  .ueccssivolv  ex- 
hausted. Some  substances  have  a  very  different  smell  according  to 
their  concentration.  Qhemioal  dissociation,  too,  unquestionably  plays 
a  prominent  part 

Nevertheless,  there  are  certain  pointa  which  indicate  the  e 
of  primary  aenaationa  of  smell,    Fust,  some  persons  are  oongenitally 

ble  to  one  or  more  odours,  but  yet  emeu  quite  no 

Hydrocyanie  acid,  a  lolet,  vanilla,  benzoin,  are  Bubatam 

which  appear  to  certain  people  to  bate  no  smell,  s.  r.  >ndly,  Borne  odor* 
ous  Iwdies,  v  ult.meously  given,  antagonise  one  another;  others 

produce  a  mixed  smell.     Thirdly,  Eatigue  of  the  epithelium  with  one 
odour  will  modify  oraboliafa  the  effect  of  some  smells,  bat  will  tea* 
that  of  other  bed. 

The  detfoftOj  of  the  sense  of  smell  is  most  remarkable.     Valentin 
calculates  that  even  , .,,  a  grain  of  musk  can  be  distinctly 

smolled.       Solutions   of   camphor   a£  good    means    of   tCBl 

wtorj  acuity.    One  i  tamphoi  solution  is  presented  to  the 

Bobjeot  along  with  three  tuljes  of  water,  and  the  Ebrmei  La  replaced 
with,  weaker  and  solntiona  until  lahablefri 

>  tnbee  containing  water.     Pungent  enbatanoee,  like  ammonia, 
imanited  for  olfaotomotrieal  experiment.    Ihej  Btfannlate  the  endings 
B  fifth  as  well  as  those  of  the  olfactory  nerve. 
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Anatomy  of  the  Bar. 

TirE  Organ  of  Hearii  589)  fa  divided  into  three  parte,  (1)  the 

external,  (2)  the  middle,  and  (3)  the  internal  ear.  The  two  first  are 
only  accessory  to  the  third  or  internal  ear,  which  contains  the 
essential  parts  of  the  organ  uf  hearing. 

External  Bar. — The  external  ear  consists  of  the  pinna  and  llic 
exterrutf  ami  dory  meatus. 

The  principal  purls  ui  {\w  pinna  are  two  prominent  rims  enclosed 
one  within  tlm  other  (Jidix  and  antihclix),  and  enclosing  a  central 
hollow  named  the  concJui ;  In  front  of  ti  ha  is  a  promincr 

directed  backwards,  ih  "'jus,  and  opposite  to  thia  one  directed 
forwards,  the  antitratfus.  From  the  concha,  the  auditory  canal,  with 
a  slight  arch  directed  upwards,  passes  inwards  and  a  little  forwards 
to  the  in  i   t  vm paid,  to  which  it  ihn  to  convey  the 

l  ihrating  air.  Its  outer  part  consists  of  fibro-eartilagc  continued 
from  the  concha,  its  iunci  pai  i  ui"  hone,  lluth  aro  lined  by  .skin  oon- 
tinuous  with  that  of  the  pinna;  the  skin  also  extends  over  the  out*  r 
surface  of  the  membrana  tympani.  Towards  the  outer  part  of  the 
canal  are  fine  hairs  and  sebaceous  glands,  while  deeper  in  the  canal 
are  small  glands,  resembling  the  swoat-glanda  in  structure,  which 
Becreto  the  cerumen  or  wax  of  the  ear. 

Middle  Bar  or  Tympanum. — The  middle  ear,  or  tympanum  m 
drum  (3,  fig.  539),  is  separated  by  the  membrana  tympani  from  the 
external  auditory  meatus.  It  is  a  cavity  in  the  temporal  bone, 
opening  through  its  anterior  and  inner  wall  into  the  Eustachian  tube, 
a  cylindrifonn  flattened  canal,  dilated  at  both  ends,  composed  partly 
of  bono  and  partly  of  elastic  cartilage,  and  lined  with  mucous  mem- 
brane, which  forms  a  communication  between  the  tympanum  and  the 
pharynx.  It  opens  into  the  cavity  of  the  pharynx  just  behind  the 
posterior  aperture  of  the  nost.iils.  The  cavity  of  the  tympanum 
communicates  posteriorly  with  air-cavities,  the  mastoid  cells  in  the 

mastoid  process  of  the  temporal  bone ;  but  its  only  opening  to  the 
m 


OIL  UV  ] 


ANATOMY  OP  THE    EAR 


external  air  is  through  the  Eustachian  tube  (4,  Jig.  539).  The  walls 
of  the  tympanum  are  osseous,  except  where  a]  in  them  are 

closed  with  membrane,  u  .ru&tra  n  md  fenestra  ovalis, 

and  at  tin  -it  where  the  bone  is  replaced  by  the  memheana 

tympani.  The  cavity  of  the  tympanum  is  lined  with  mucous  mem- 
brane, the  epithelium  of  which  is  ciliated  and  continuous  through 
the  Eustachian  tube  with  that  of  the  pharynx.  In  some  parts,  how- 
ever, i  i/ ...  over  the  roof,  promontory,  ossicles,  and  membraua  tympani, 


V 


Klu.  M".—  iJtaxnmimatic  view  from  bafnra  of  Ui*  parts  composing  Um  OKU  of  hMrttig  of  Uw  left  •M«. 
Tt>*  t»ii,)«,r«l  Ium  of  Ui*  Woft  »l<ie,  with  tli*  sworn  [«mjdnx  *"fl  parts,  bas  bssei  dciadMr]  from  Ui* 
bead,  and  ■  Motion  baa  bean  carried  tbruuxh  It  transversely,  nuto  remove  the  rn>ni 
meatus  ext*mna,  balf  the  tyrapsate  nvmbraoe.  tn*  uppar  •*•!  antarior  wall  of  the  tynij-auum  aud 
Eustachian  tube.  The  meatus  Intrnus  has  also  been  opened,  and  Uie  bony  labyrinth  axpoaad  by 
Uwwnmil  of  the  aurruaniltoK  parts  of  the  iietron*  l«ne.  I.  The  pinna  and  lobe;  3,  nirstus 
externu* ;  7,  ntnibrui  .  I  m  ;  »',  iU  upeoini;  backwards  InUi  the 

mastoid  calls;  bttwoMi  8  and  r,  the  chain  of  small  bones,  4,  Eustachian  tubs;  6,  tnrataa  Inumu, 
contotolnii  Mi«  UcUl  (ur>|«m«.«t)  m,ii  the  auditory  nerve*;  6,  placad  >m  tbo  vwtlt-ule  >rf  Hie  Ubj- 
renth  ah» •  the  fenestra  ovalis ;  «,  apex  of  the  petrous  twos ;  t>,  Internal  carotid  artery  :  e,  ttyloU 
process:  4,  facta!  nerve  laaniag  from  the  stylo  mastoid  foramen ;  a,  mastoid  process;  /,  squamous 
l«rt  or  Ui*  bona  curared  by  lutein  meat,  etc.    ( Arnold.) 

the  epithelium  iB  of  the  pavement  variety  and  is  destitute  of  cilia. 
A  chain  of  small  bones  extends  from  the  membrana  tympani  to  the 
fenestra  ovalis. 

The  membrana  tympani  is  placed  in  a  slanting  direction  at  the 
bottom  of  the  external  auditory  canal,  its  plane  being  at  an  angle 
of  about  45  with  the  lower  wall  of  the  eanaL  It  is  formed  of  librcs, 
some  running  radially,  some  circularly;  its  margin  is  set  in  a  bony 
groove;  its  outer  surface  is  covered  with  a  continuation  of  the 
cutaneous  lining  of  the  auditory  canal,  its  inner  surface  with  the 
mucous  membrane  of  the  tympanum. 
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Tin;  on.sh//as  are  thiv  ■  m  nun  Hi,  named  malh'iis,  im-ns,  and 
stapes.  The  malleus,  or  hammer-bum-,  has  a  long  sliehtly-mirvi.-d 
pn  mess,  called  its  1.  ffhioh  is  inserted  between  the  layers  of 

membrana  tympani ;  the  line  of  attachment  is  vertical,  including 
whole  length   of   the   handle,  and  extending  from  the  upper 
border  to  the  i        ra  of  the  membrane.     The  head  of  the  malleus  is 
irregularly  rounded;  Its  io  of  boundary  between  the 

id  and  the  handle,  so  ecsscs:  a  short  o 

and  a  slender  ouo,  firoccssus  gracilis,  win  I  is  forwards,  and  is 

attached  to  the  wall  of  the  cavity  at  the  GHaSti  I 

incus,  or  anvil-bone,  shaped  like  a  bicuspid  molar  tooth,  is  articulated 
by  its  broader  part,  corresponding  with  the  surface  of  the  crown  of 
the   tooth,  to  the   malleus,     Of   its   two   fang-like   processes,  one, 


10.— The  hammer- 
bona  or  malhXM, 
from  tha  front.  l.Tha 
he*l;  J,  neck;  t, 
ali-jrt  ptop— ;  I, 
hawlla.    (SchweJbe.) 


FW.  Ml.— Tim  Im-ik,  mt  anWI-ltinr. 
1.  IS-.!)-;  ■},  Hdcafl  articulation 
Da;  4,  [>tv.«0MUi 
brevfct,  with  i,  rough  am 
Mirfioa  far  ligament  of  Incai : 
r.joeaaua  mapus  with  artka- 
Utlng  irarface  for  ttspm;  T,  im- 
trtoii;  foramen.    (Scliwalbe.) 


Ml.— Tlie    eUpea,    or 
•llrruri-boiia.     1,     Uaan: 

I     an<l    3,     nrili;    4,    head 

of  Nine,  which  articu- 
late* Willi 

prooaaa  of  tlio  lucui ; 
IV,  eon*trlr-t*i  part  ■ 
Dark;      0.     oiia     of      I  he 

mir*.    (-viiwaiU.) 


directed  backwards,  has  a  free  end  attached  by  ligament  to  a  depres- 
sion in  the  mastoid  bone ;  the  other,  curved  downwards,  longer  and 
more  pointed,  articulates  by  means  of  a  roundish  tubercle,  formerly 
called  os  orbicularc,  with  the  stapes,  a  little  bone  Bhaped  like  a  stirrup, 
Of  which  the  base  fits  into  the  membrane  of  the  fenestra  ovalis.  To 
eek  of  the  stapes,  a  short  process,  corresponding  with  the  loop 
of  the  stirrup,  is  attached  the  stapedius  muscle. 

The,  muscles  of  the  tympanum  arc  two  in  number.  The  tensor 
tympani  arises  from  the  cartilaginous  end  of  the  Eustachian  tube 
and  the  adjoining  surfaco  of  the  sphenoid,  and  from  the  sides  of  the 
canal  in  v.  te  muscle  lies;  file  tendon  of  the  inm;<  I  <  bends  at 

I  a  right  angle  over  the  end  <»f  the  processus  cochlearif. 
and  tfl  Inserted  into  the  inner  part  of  the  handle  of  the  malleus. 
The  .-  is  eoneealed  within  a  canal  in  the  bone  in  front  of 

the  allied uctus  Fallopii.     The  tendon  issues  from  the  aperture  of 
this  canal  and  is  inserted  into  the  neck  of  the  stapes  posteriorly. 
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hum  «yir>r««il  »ul  twam  bi  Mtand  pual- 

tutu;  8.  In uur  '.ywj/uil  ■!«•?>;  4,llt(.  awUH 
trier. : 

.     .  mi'I  *,  ilea***  < 
ilbe.) 


The  internal  Bar. — The  proper  organ  «»f  hearing  is  formed  by  tlio 
distribution  of  the  auditory  m  <»r  /«/*»/- 

rt'nlA,  a  set  of  cavities  within  the  petroni  portion  of  the  temporal 
bone.     The  bone  which  forms 
walls  of  these  cavities   is  denser 
than  that  aroiuid  it,  and  forms  lbs 
osseous  labyrinth;    tin.-    incur 
within  the  cavities  forms  tin-  mem- 
branous, labyrinth.  The  membra 
labyrinth  contains   a   fluid  oalled 
endolymph  ;   while  outside   it, 
tween  it  and  the  osseous  labyrinth, 
is  a  fluid  called  perilymph.     This 
fluid  is  not  pave  lymph,  as  it  con- 
tains mucin. 

The    Osseous  Labyrinth 
sists  of  three  principal  part; 
the  vestibule,  the  coch/m,  and  the 
semicircular  canals. 

The    vestibule    is    the    middle 
cavity  of  the  labyrinth,  and  the  central  chamber  of  the  and 

i  atus.     It  presents,  in  its  inner  wall,  several  openings  for  the 
nee  of  the  divisions  of  the  auditory  nerve;  in  its  outer  wall, 
the  fenestra  ovalis  (2,  fig.  544a),  an  opening  fill ed  i>>  membrane,  in 
which  is  inserted  the  base  of  the  stapes ;  in  its  post' 
walls,  live  openings  by  which   the  scmv-ircular  canal*  deal 

with  it:  in  its  anterior  wall,  an  opening  leading  into  the  cofhkn 
The  structure   of  the  semicircular  canals  is  described   in   Chapter 
XLIX. 

The  cochlea  (6,  7.  8,  fig.  544a.  and  8,  fig.  544i)  is  shaped  like  a 
8nail-shell,and  is  situated  m  front  of  the  -.  ;  its  base  rests  on 

the  Inittom  of  the  internal  meatus,  where  some  apertures  transmit  to 
it  the  cochlear  filaments  of  the  auditory  mnc  In  Eta  axis,  the 
cochlea  is  traversed  by  a  conical  column,  the  modiolus,  around  which 
a  spiral  canal  winds  with  two  turns  and  a  half  from  the  base  to  the 
apex.  At  the  apex  of  the  cochlea  the  canal  is  closed  ;  at  the  base  it 
presents  three  openings,  of  which  one,  already  mentioned,  communi- 
catee with  the  vestibide  ;  another,  called  fenestra  rotunda,  is  separated 
by  a  membrane  from  the  cavity  of  the  tympanum  ;  the  third  is  the 
orifice  of  the  aquaduclus  cochlea,  a  canal  leading  to  the  jugular  fossa 
of  the  petrous  bone.     Tho  spiral  canal  is  divid  two  passages, 

or  scale*  (staircases),  by  a  partition  formed  partly  of  bone,  the  lamina 
spiralis,  connected  With  the  modiolus,  and  partly  of  a  membrane 
culled   the  basilar  membrane. 

The    Membranous    Labyrinth.— The     membranous     labyrinth 
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corresponds  MBfteslly  with  the  form  of  the  osseouB  labyrinth,  so  far 
as  regard.  ■sfcibule  I  ular  canals,  but  is  separated 

from  the  walls  of  these  parts  by  perilymph,  except,  where  the  nerves 
enter  into  connection  within  it.     The  labyrinth  is  a  closed  membrane 


7*c* 


Ki.;.    Mli.- Rfcut    bM    labyrinth,    viewed 
•Ms.       Tim      ►,■ 

here  represented  I*  prej.arad  by  eejt*- 
rvllni  piecemeal  the  l>»>yr  xuUUim 
oT  the  peUvui  bone  from  the  deiiie 
wells  which  Immediately  encloee  Ui« 
rlntt  i.  The  vwtjbulo;  ».  feu. 
eatra  ovalls;  8,  superior  aenitclrculsr 
canal :  \,  harltonUl  or  external  canal ; 
6,  posterlur  canal.  •.  ampullar  uf  Uii» 
*cmlclrcnlar  canal*:  &,  Urtl  turn  of 
the  cochlea;  7,  aacoiid  torn;  8,  apex ; 
0,  fenaalra  tulunda.  The  smaller  figure 
In     outline     below     »l«jw»     tba     natural 

■I 
iU«.     -.  •    (Simmerlog.) 


::h.— View  of  the  Inlmtir  of  the  left 

Ul^rlntl.. 

rlnth    Is   removed   au|«rlarlv   arid    ester, 
•ally.     1,    Vurm  beinlelltptio :    S, 
heiniipli*rlca;      I,    oumwon    opeulnft    or 
the   eoperlor  and   posterior    aemldrcular 

.  <,  oputng  of  the  »'!'>•> 
the  >e»tlbulo;  S,  Uie  mi|*H"r;  6,  tin 
porterlor,  and  T,  the  external  - 
i-ular  canals;  8,  spiral  tats  of  tha 
cochlea  (tenia  tym;<aiitj;  V,  opening  of 
the  aqueduct  of  tl^n  cochlea;  10,  placed 
■0    the   lamina  spiralis    In    the  acala   vca- 

a. 


containing  endolyraph,  which  is  of  much  the  same  composition  as 
perilymph,  but  contains  less  solid  matter.  It  is  somewhat  viscid, 
as  is  the  perilymph,  and  it  is  secreted  by  the  epithelium  lining  its 
cavity;  all  the  sonorous  i  B8  impressing  ;1io  auditory  nerves 

in  these  parts  of  the  internal  ear,  are  00)  through  fluid   to 

a  membrane  suspended  En  end  containing  fluid.  In  the  ooohlea, 
the  membranous  labyrinth  oompletes  T.he  septum  between  the 
two  Rcalre,  and  encloses  a  spiral  canal,  called  the  ranalis  cochlea  (fig. 
."il.'i)  The  fluid  in  the  scales  of  the  cochlea  is  continuous  with  the 
perilymph  in  the  vestibule  and  semicircular  canals.  The  vestibular 
portion  of  the  membranous  labyrinth  i  96  two  communicating 

cavities,  of  which  the  lar_  i   and   upper  is  named  the  ulricU;  the 
lower,  the  saccule.     They  are  lodged    in  di  uressionB  in   the  bony 
labyrinth,   ti-nm-d    rcsjurlively  foxta  hcmielliptica  and  fovea  hemi- 
spherxca.     The  ueunliranous  gemicircelar  canals  open  into  til 
the  canal  of  the  cochlea  opens  by  the  canalis  reunions  into  biie 
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saccule.     The  accompanying  diagram  (fig.  545)  shows  the  relation- 
ship of  all  these  parts  to  one  another. 

Auditory  Nerve. — All  the  organs  now  described  arc  provided 
for  the  appropriate  exposure  of  the  filament.-  i  I  the  auditory  nervo 
to  vibrations.  It  enters  the  bony  canal  (the  meatus  auditor™* 
intcrnus),  with  the  facial  nerve  and  the  nervus  inteimediuR,  and. 
travelling  the  bone,  enters  the  labyrinth  at  the  angle  between  the 
base  of  the  cochlea  and  the  vestibule, 
in  two  divisions;  one  for  (he  vestibule 
and  semicircular  canals,  and  the  other  for 
the  cochlea. 

Then  aro  two  branches  for  the  vesti- 
bule, one,  superior,  distributed  to  the 
utricle  and  to  the  superior  and  hori- 
zontal si  in.»  i;,  ular  canals,  and  the  other, 
inferior,  whie.h  arises  from  the  cochlear 
nerve,  ends  in  the  saccule  and  posterior 
semicircular  canal.  There  can,  now 
be  little  doubt  that  the  inferior  nerve, 
although  it  is  contained  for  some  distance 
in  the  sheath  of  the  cochlear  nerve,  is 
really  com posod  of  vestibnlsr  fibres.  The 
terminations  of  tin-  DSTVS  in  the  saccule, 
utricle,  end  seraloirouUu  oanals  have  l«eu 
already  described  in  page  707;  so  we  can 
pass  at  once  to  tho  cochlea. 

This  is  best  seen  in  vertical  section ; 
the  cavity  is  divided  partly  by  bono  (tho      U^Sta!'  [?&&&?*  °r 
mini  lamina),  partly  by  membtSiM  (tho 

kisilar  membrane),  into  two  spiral  senile,  tin-  dedta  tympani  and 
Mltf  The  basilar  momln  nno  [nCTOBflOa  in  breadth  from  tho 

base  tOttSraS  the  apex  of  the  cochlea.  It  contains  fibres  (about 
24,000  in  all)  embedded  in  a  homogeneotu  matrix,  and  numing  r.idi.dlv 
BtnJflbt  from  the  spiral  lamina  to  the  sjriral  lignmatf,  where  its  other 
i  again  uttachod  to  the  hone  At  the  apex  of  the  cochlea,  the 
lamina  ends  in  a  small  hamulus,  tho  inner  and  concave  part  of  whir  h 
being  detached  from  the  summit  of  tho  modiolus,  leaves  a  small 
aperture  named  the  helicotrema,  by  v.hioh  the  two  scalre,  si-i 
all  the  rest  of  their  length,  communicate. 

i  sides  the  scala  vestibuli  and  scala  tympani,  there  is  a  third 
space  between  them,  called  scala  media  or  canal  of  the  cochlea  (OOL 
lig.  547).  In  section  it  is  triangular,  its  external  wall  bein.y  foimed 
by  the  wall  of  the  cochlea,  its  upper  wall  (separating  it  from  the 
scala  vestibuli)  by  tho  membrane  of  Rcissner,  and  its  lower  wall 
(separating  it  from  the  scala  tympani)  by  the  liasilar  membrane, 


Fto.  MS.— Diagram  of  the  ri^ht  meuv 
branc-iu  labyrinth.  L',  Utricle,  liito 
wlijcli  Ui»  tLrta  acinklrcular  caitala 
DM ;  B,  aauruta,  mmm  tin  leal  rne 
»n.h  tii*  cochin  (C)  by  C.K.,  tha 
raoalla  reunlana.  ant)  wit*  the  otrlcle 
bj  a  canal  hating  on  It  an  tnlarar- 
moot,  ti»  aaccoa  andolympliaUVii* 
Tba  black   ahadtnir,  rr-j.re- 

Mitita   tbo  placoi   of   toiuiiiiallua    of 

Uw  auditory  norvo,  namtly,  In  tba 
macula-  of  U.e  utricla  ami  taccula; 
tba  <-ri«tii'  In  the  ampullar?  coda  of 
tba  tbrw  aamlclreolar  caaaii;   »n  I 
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PlO.  M«.— Vi»w  of   the   a*»oon»    r.vMa 
l,  Oiitit) 
canal  uf'.  'J,  lamlnn  ■plraJli 

OBMa ;  S,  Wilt  tyinfuinl ;  4.  «r»l» 

bull ;  5.  porous  en  bata 

near  une  irf  th«i  »orLinn»  of  the  ■ 

iplraiu  modioli.    |    (Arnold.) 


these  two  meeting  at  the  outer  edge  of  the  bony  lamina  spiralis. 

Following  the  turns  of  the  cochlea  to  its  apex,  the  scala  media  there 

terminates  blindly ;  whilo  towards  tho  base  of  the  cochlea  it  is  also 

closed,  with  tho  exception  of  a  very 
narrow  passage  (canal is  reuniens) 
H  (i  tin'  saocnla  Tba  Bcala 
media  (like  the  rest  of  the  membranous 
labyrinth)  contains  endolymph. 

Organ  of  Corii. — Upon  the  basilar 
membrane  are  arranged  cells  of 
various  shapes.  About  midway  be- 
tween the  outer  edge  of  the  lamina 
spiralis  and  the  outer  wall  of  the 
■  >  >vr.i  are  situated  the  ndt<f  Oorti 
Viewed  sideways,  they  are  seen  to 
consist  of  an   external  and  internal 

pi  liar,  each  rising  from  an  expanded  foot  or  base  attached  to  the  bi 

membrane  (o,  n,  fig.  548").     They  slant  inwards  towards  eaeh  other, 

and  each  ends  in  a  swelling  termed  the  head  •  the  head  of  the  inner 

pillar  overlies  that  of  tho  outer  (fig.  548).     Eaeh   pair  of  pillars 

forms  a  pointed  roof  arching  over  a  space,  and  by  a  succession  of 

them  a  tunnel  is  foamed. 

There  are  about  3000  of  these  pairs  of  pillars,  in  proceeding  from 

the  base  of  the  cochlea  to- 
wards   its  apex.      They  are 

found    progressively    to    In 

crease  in  length,  and  become 

more  oblique ;  in  other  words 

tho  bonne!    becomes  wider, 

but  diminishes  in  height  as 

wo  approach  the  apex  of  the 
lea.    Leaning  against  tho 

rods    of   Corti    are    certain 

other  cells  called   hair -cells, 

which    terminate    in.    small 

hair-like    processes.      There 

are  several  rows  of  these  on 

the   miter  and   one  row  on 

the    inner    side.      Between 

them  are  certain  supporting 

cells  called  ceils  of  Deiters 
548,  x).    This  structure 

rests  upon  the  basilar  membrane;  it  is  roofed  in  by  a  fenestrated 
irane  or  lamina  reticularis  into  the  fenestras  of  which  the  tops 

of  th.  qs  rods  and  cells  are  received.    When  viewed  from 
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h  one  of  to*  colli  of  tbe  enebbNt 

•  ve»t|. 
I   (Malta  memtinvi! 
UDfafUM  uf  Kabmwr;  lm,  Uniln-i  vplialb  imm; 
lit,  UiiibuH   Isniliu*   spinalis ;   m,  huIcu.   tjiiralU:   nc, 
cochlear  nerve:  ft,  ganglion   spiral  brana 

lecUirfa  (l<  vi  tectorfa  Is  the  Unim* 

reticularis) :  >>,  meaibratu*  banilaris ;  Co,  rod*  of  Cortl ; 
Up,  HcaiMMiim  tplrale.    (<jii»ii>.) 
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above,  the  organ  of  Corti  Bhows  a  remarl.  ••  to   the. 

keyboard  of  a  piano.  The  top  of  the  organ  is  roofed  by  the 
membrana  ttctoria  (fig.  547.  0  that  extends  from  tin-  and  of  the 
limbus  {Us,  fig.  547),  a  connective  tissue  structure  on  the  spiral  lain  in.;. 
The  tqriral  ganglion  from  which  the  cochlear  nerve-fibres  originate  w 
situated  in  the  spiral  lamina.  The  peripheral  axons  of  its  bipolar 
cells  arborise  around  the  hair-cells  Of  iln-  organ  of  Corti :  the  central 
axons  pass  down  the  modiolus,  and  thence  to  the  pons  (see  p.  642). 

Physiology  of  Hearing. 

Sounds  are  caused  by  vibrations;  when  a  piano-string  is  struck, 
it  is  thrown  into  a  series   of  rapid   regular   vibrations;  the   BON 
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Flo.  M8.- Vertical  »*ctiun  of  Ui«  onnn  of  Corti  from   the  -lotc.     1    to  S,  flu* 
membrana  tewilarU  ;  u,  veeUbuLar  lever;  r,  tympanal  layer,  with  i 
louKnUofi  of  tjnii«n»l  perfoaUuiu  of  lamina  eptralie  oaeea  ;  c,  tlili 
membrana  basilar!*  near  the  point  at  perforation  uf  the  nenrea  A : 
btood-reaael ; ,'.  uervre  ;  g,  the  epithelium  of  tlw  ml< -■>*  .|.lr«!i.  UiUrnui;  ». 
batal  procaea  i,  surrounded  with  nuclei  and  protoplaum  (of  I 
nerre-ntiree  radiate;  I,  hairs  of  the  internal  b 
in,  head  of  the  tame  unltlnu  with  the  curreapocMIng  part  of  an 
mlMin.-,  whlli»  the  nort  pillar  tx-ynnl,  ■  ■,  pirwnti  Nith  middle  li  l 
external  hatr-cella  ;  I ,  ba«*a  of  two  i.»V;)il 

ir,  nerve-iibre  arborising  round  the  oral  of  the  external  lialr-wll* ;  (  I  to 
X  80(1.    (Waldejrer.) 


■r  of  tli* 
;  a,  pro- 
;t  of  the 

Iratol;  r, 
ell.  i»lth 
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rapidly  the  vibrations  occur  the  higher  is  the  p&A  of  the  musical 
note;  the  greater  the  amplitude  of  the  vibration,  tho  louder  or 
more  intense  is  tho  tone;  if  the  vibrations  are  regular  and  simple 
(pendular),  the  tone  is  pure;  if  they  are  regular  but  Bi  I,  the 

tone  ia  impure,  and  its  quality  or  timbre  is  dependant  00  the  rate 
and  amplitude  of  tho  simple  vibrations  of  which  tho  bohtj 
vibrations  are  composed  Tin-  vibrations  are  transmitted  us  wavoa, 
and  ultimately  affect  tho  hair-cells  at  the  extremities  of  the 
auditory  nerva  in  the  cochlea.  The  semicircular  canals  are  not 
concerned  in  the  sense  of  hearing;  their  function  In  ootUiei 
equilibration   is  described   in   Chapter  XLTX.     The   exteroal    and 
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ears  are  conducting;  the  internal  oar  is  conducting  and 
receplive.  In  the  external  ear  flu  vibrations  travel  through  air,  in 
the  middle  ear  through  solid  structures — membranes  ami  bODM  ,  Mini 
in  the  internal  ear  through  fluid,  first  thu  ligh  the  perilymph  on  the 
far  side  of  the  fenestra  ovalis;  and  then  the  us  pass  through 

the  basilar  membrane,  ami  membrane  of  Reiasner,  and  set  the  endn- 
lymph  of  the  (Anal  of  the  eoehlea  in  motion. 

Tin.  \t  Um  Darmd  way  in  which  llw  vil  iph  may  bo 

affected  in  "Hi  Dfljh  Hie  oilier  bones  of  the  n  can, 

\ani|)lr,  bear  I  be  tii'kinjf  i»f  mic's  wu'eh  when  ii   Hi  placed  betwtvn  the  0 
even  when  the  cars  are  stopped.     Pram   this  fact  is  derived  a  valuable  practical 
mctbiKl  ill"  ilistiiijiiii- Inn  •   in  .t  ilruf  |«TSini  whnl    iwirt   of  .  1 1-    DRn  oi  l»  aiiiof  is  nt 

hulL  The  patient  may  no!  be  ible  t->  hear  ■  wafa  h  >»r  .1  tuning  lurk  when  it  is  held 
close  to  the  ear;  but  if  lie  can  hear  it  when  H  is  placed  beta  i  M  bit  b  etha  m  00  his 
forehead,  the  innludy  is  Iix-iiIim-cI  in  cither  tin-  r\  •  liddle  ear  .   If  lie  en  hear 

it  in                u.iti'Ti,  H  la  ■  nun  ii  mm  tenthetntenialearortbe 

nai  ram  dm  ban  m  Shearing  la  al  unit.  In  (Unease  of  the  middle  ear  ihi-  bearing 
of  low  tones  Is  espetinll.  :•  i -h  | .  appeal  to  be  tnu  by  bone- 

conduction  rnore  readily  than  low. 

In  connection  with  thn  external  ear  there  is  not  much  m 
said ;  the  pinna  in  many  animals  is  large  and  acts  as  a  kind  of  natural 
ear-trumpet  to  collect  the  vibrations  of  the  air;  in  man  this  function 
is  to  a  very  great  extent  lost,  and  though  there  are  muscles  present  to 
move  it  into  appropriate  postures,  they  are  not  under  the  control  of  the 
will  in  tlio  majority  of  peoplo,  and  are  fuuctionless,  ancestral  vestiges. 

In  the  middle  ear,  however,  there  are  several  points  to  be  con- 
sidered, namely,  the  action  of  the  membrana  tympani,  of  the  ossicles, 
of  the  tympanic  muscles,  and  of  the  Eustachian  tube. 

TJu  Membrana  Tiimpani. — This  membrane,  unlike  that  of 
ordinary  drums,  can  take  up  and  vibrate  in  response  to,  not  only  its 
own  fundamental  tone,  but  to  an  immense  range  of  tones  differing 
from  each  other  by  many  octaves.  This  would  clearly  be  impos- 
sible if  it  were  an  evenly  stretched  membrane.  It  is  not  evenly  nor 
very  tightly  stretched,  but  owing  to  its  attachment  to  the  chain  of 
ossicles  it  is  slightly  funnel-shaped ;  the  ossicles  also  damp  the  con- 
tinuance of  the  vibrations. 

When  the  membrane  gets  too  tightly  Bl  ',  by  increase  or 

decrease  of  the  pressure  of  the  air  in  the  tympanum,  then  the  senBO 
of  hearing  is  dulled.  The  pressure  in  the  tympanic  cavity  is  kept 
the  same  as  that  of  the  atmosphere  by  the  Eustachian  tube,  which 
leads  from  the  cavity  to  Hie  pharynx,  and  so  to  the  external  air. 
The  Eustachian  tube  is  not,  however,  always  open;  it  is  opened  by 
the  action  of  the  tensor  palati  during  swallowing.  Suppose  it  were 
closed  owing  to  swelling  of  its  mucous  membrane — this  often 
happens  in  inflammation  •  f  the  throat — the  result  would  be  what  is 
called  Eustachian  or  throat  deafness,  and  this  is  relieved  by  passing 

ithoter  so  as  to    open  the    tube.     When   Hw    tube  is  closed,  an 


interchange  of  gases  takes  place  between  the  imprisoned  air  and  the 
blood  of  the  tympanic  vessels.  In  time,  as  in  the  aerotomonieter 
(see  p.  381),  equilibrium  is  established  aud  the  tension  of  the 
imprisoned  gases  becomes  equal  fa  Unit  of  the  blood-gases,  not  to 
that  of  the  atmosphere.  The  membrane  is  therefore  cupped  inwards 
by  the  atmospheric  pressure  on  its  exterior ;  it  is  this  increased 
tightening  of  the  membrane  that  produces  deafness.  There  is  also 
an  accumulation  of  mucus.  When  one  makes  a  violent  expiration, 
as  in  sneezing,  some  air  is  often  forced  through  the  Eustachian  tube 
into  the  tympanum.  The  ears  feel  as  though  they  were  bulged  out, 
.is  imbiod  i  ho  merabrana  tympani  ia,  and  thero  is  again  parte]  deaf- 
ness, which  sensations  are  at  once  relieved  by  swallowing  so  as  to 
open  the  Eustachian  tube  and  thus  re-establish  equality  of  pressure 
once  more. 

The  ossicles  communicate  the  vibrations  of  the  membrana 
tympani  (to  which  the  handle  of 
lin  malleus  is  fixed)  to  the  mem- 
brane wbieli  eloses  the  fenestra 
oval  is  (to  which  the  foot  of  the 
stapes  is  attached).  Thus  the 
vibrations  are  communicated  to 
the  fluid  of  the  internal  ear  which 
is  situated  on  the  other  aide  of 
the  oval  window. 

The  accompanying  diagram  will 
assist  UB  in  understanding  how 
t.bis  is  brought  about.  The  bones 
all  vibrate  as  if  they  were  one, 
the  slight  movements  between  the 
individual  bones  being  inappreci- 
able. The  utility  of  there  being  several  bones  is 
vibrations  are  excessive;  the  small  amount  of 
articulations  is  really  proteetive  and  tends  to  prevent  fractures. 

The  handle  of  the  malleus  is  inserted  between  the  layers  of  the 
l \  nip.uiie.  membrane  ;  the  processus  gracilis  {p.  g.)  has  its  end  A 
attached  to  the  tympanic  wall  on  the  inner  aspect  of  the  Glaserinn 
Assure ;  the  end  B  of  the  short  process  (s.  p.)  of  the  incus  is  fastened 
by  a  ligament  to  the  opposite  wall  of  the  tympanic  cavity ;  the  end 
D  of  the  long  process  of  the  incus  articulates  with  the  stirrup,  the 
base  of  which  is  turned  towards  the  reader.  The  handle  vibrates 
with  the  membrana  tympani ;  and  the  vibrations  of  the  whole  chain 
take  place  round  the  axis  of  rotation  AB.  Every  time  C  comes 
rds  D  comes  forwards,  but  by  drawing  perpendiculars  from  C 
and  D  to  the  axis  of  rotation,  it  is  found  that  D  is  about  jf  of  the 
distance  from  the  axis  that  C  is.     So  in  the  transmission  of  the 
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vibrations  from  membrane  to  membrane  across  the  bony  chain,  the 
amplitude  of  the  vibration  is  decreased  by  about  $,  and  the  force  is 
correspondingly  increased.  This  inorease  of  power  is  augmented  by 
the  fact  that  the  tympanic  membrane  concentrates  its  power  upon 
an  area  (the  membrane  of  tho  oval  window)  only  one-twentieth  of 
its  size.  The  final  movement  of  tho  stapes  is,  however,  always  very 
Bmall ;  it  varies  from  Jr  to  less  than  mioo  of  a  millimetre. 

The  action  of  the  tensor  tympani,  by  pulling  in  the  handle  of  the 
malleus,  increases  the  tension  of  the  membrana  tympani.  It  is 
supplied  by  the  fifth  nerve.  It  is  opposed  by  the  strong  external 
ligament  of  the  malleus.  The  stapedius  attached  to  the  neck  of  the 
stapes  tilts  it  backwards  and  diminishes  the  intra-tympanic  air- 
pressure.     It  is  Buppliod  by  the  seventh  nerve. 

The  next  very  simple  diagram  (fig.  550)  will  explain  the  use  of 
the  fenestra  rotunda. 

The  cochlea  is  supposed  to  be  uncoiled ;  the  scala  vestibuli  leads 
from  the  fenestra  ovalis,  to  the  other  side  of  which  the  stapes  is 

r.OtallM 
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Scala    Vestibuli    (Perilymph) 
nam  nr  uh«m  rnuwmwu'     


Scala    Tympani    (Perilymph) 


Helicotrema 


f.tiott/rriJa 

Fio.  550.— Diagram  to  illustrate  thn  u»n  of  U>»  forratn  rotunda. 

attached ;  the  scala  tympani  leads  to  the  fenestra  rotunda ;  the  two 
soalffi  communicate  at  the  helicotrema,  and  are  separated  from  the 
canal  of  thn  cochlea  by  the  basilar  membrane,  and  the  membrane  of 
Reissner.  C.R  is  the  canalis  reunions  loading  to  the  saccule.  The 
cochlea  is  filled  with  incompressible  fluid  in  an  inexpansible  bony 
case,  except  where  the  windows  are  closed  by  membranes.  Hence 
every  time  the  membrane  of  the  oval  window  is  bulged  in  by  the 
stirrup,  the  membrane  of  the  round  window  is  simultaneously  bulged 
out  to  the  same  extent,  and  vice  versd.  These  changes  of  pressure 
are  transmitted  from  one  ecala  to  the  other  directly  through  the 
cochlear  canal,  sotting  it  into  vibration,  and  through  the  helicotrema. 
Tim  range  of  hearing  extends  over  10  or  11  octaves;  the  lowest 
audiblo  tone  having  about  20,  tho  highest  about  25,000,  vibrations 
per  second.  The  range  varies  in  different  people,  and  diminishes 
i  nil  childhood  nmvuil-;  The  upper  limit  of  hearing  may  be  tested 
by  miuute  forks,  metal  roils,  or  by  Gallon's  win  i '■  Many  animals 
appear  to  be  able  to  detect  high  tones  which  lie  beyond  the  human 
limit.     Tli  limit  may  be  determined  by  rery  large  forks,  or  by 

employing  very  low  difference-tones. 


THEORIES    OF   THE   COCHLEA 

Difference-tones  are  produced  when  two  kmec  of  different  pitob, 
and  n,  are  Bounded  together.  A  tone  bavins  the  pitob  m  minus  pi 
is  then  beard  in  addition  to  the  tones  m  and  n:  also  u  summation 
tone  of  pitch  m  plus  «  may  be  beard,  but  with  greater  difficulty. 
When  m  ami  a  are  neai  J, a  beatifi  ■  ihVrence- 

tone,  residte,  having  a  pitch  somewhere  intenned 

toe  between  m  and  n  u  ly  small,  tins  beating- 

difference  in  vibral  .    ana  «.     (Tn  itiona  the 

nee  ami  b  Dee  (which  are  eoUeettve^j  called  oomhina- 

>  exist  in  the  air j  thes   at  le  by 

their  reinforcement  before  appmpriaii  generally, 

however,  i  •  produced  within  the  car,  i.e.,  they  have 

merely  a  subjective  origin. 

The  smallest  perceptible  difference  in  pitch  between  two  successive 
u  about  0"2  ribratione  is  the  ntidala  region  of  the  piano  for 
trained  subjects.    Practice  effects  extraordinary  improvement) 
among  the  mod  unmuai 

There  oan  be  little  doubt  thai  the  cochlea  ia  the  organ  specially 
mod  in  hearing.  It  first  appears  vmtmp  rertehmta  in  certain 
fishes  as  a  very  rudimentary  structure.  If  the  cochlea  is  removed 
from  dogs,  they  become  deaf.  The  utricle  and  saccule  are  probably 
only  stimulated  by  gross  disturbances  in  the  surrounding  media  (see 
the  function!  of  the  semicircular  canals  in  Chapter  XLIX  i. 

There  aro  two  classes  of  theories  of  hearing,  in  both  of  which  the 
basilar  membrane  of  the  cochlea  plays  the  essential  part. 

Tha  one  class  comprises  the  many  "sound-picture"  theories 
which  have  been  advanced  in  very  various  forms  by  Kutherford, 
Waller,  Hurst,  Ewald,  and  Meyer.  The  entire  basilar  membrane  is 
supposed  to  vibrate  either  as  a  telephone  plate, or  as  an  elastic  mem- 
brane, different  t  >nos  or  combinations  of  tones  giving  rise  to  different 
patterns  of  vibrations  which  are  communicated  to  the  hair-cells  and 
thonce  carried  by  the  auditory  nerve-fibres  to  the  brain,  whore  (in 
Rutherford's  theory)  the  analysis  of  these  patterns  is  hold  to  take 
place. 

The  other  is  the  resonance  in   which  the 

pitch  of  a  tone,  or  the  analysis  of  a  complex  sound  into  its  constituent 
.  is  determined  not  in  the  brain  but  m  the  cochlea.  It  depends 
on  the  principle  of  sympathetic  vibration.  As  is  well  known,  if  a 
il  sung  in  front  of  a  piano  (beet  with  the  Loud  pedal  held  down), 
nhe  string  of  the  piano  which  is  attuned  to  that  tone  will  immediately 
roepoii'i.  tone  "ill  elicit  response  from  anotho 

in  the  cochlea  the  appropriate  ShfO  "i  the  baeilai  membrane  ia  Ub 
into  vibration  When  the  tone  to  which  it  is  attuned  reaches  it.     The 
fibre   thus  stimulated  affects   the    hair-cells  above  it,    wlience    the 
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stimulus    i*    conducted    to    the    brain        If    two    tones    an-    BOUIld 

•ilutr,  1 1  n*  two  appropriate  fibres  i  Bpond  and  the  anal  jsis  of  the 
n< >w  more  complex  stimulus  is  pea  The  fil 

"f  the  basilar  i  ae  increase  in  radial  length  bom  the  base 

ards  the  apex  of  the  cochlea.    According  bo  roe  rfwonannn-fchflnrj. 
the  upper  part  of  the  oxgall  would  tbofl  be  SdSbeted  by  low  toi 
.  part  by  bigs  i"1 

The  first  of  these  two  classes  of  theory  makes  it  difficult  or 
impossible  for  us  to  explain  our  ability  to  analyse  complex  chords 
into  their  component  tones.  The  full  acceptance  of  the  second  is 
difficult  in  the  face  of  the  small  difference  ox  length  (at  most  1 :  12) 
between  the  shortest  ami  the  longest  of  the  basilar  nbres.  On  the 
other  hand,  it  accounts  for  nearly  all  the  phi  hich  require 

explanation!  and  gains  support  from   the  «■  fleets  of  experiment  on, 
ami  ilisease  of,  portions  of  tho  cochlea.     For  instance,  the 

deatneM  to  high  pitched  tones  (seen  in  bailer  maker*)  is  as 
with  disease  of  the  lower  whorl  of  the  '-o.-hlea. 
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throat  known  as  Ailun-  Rppfa  "I"he  triooiA  cartilage  (fig.  .r«52,  6,  (J),  on  the  other 
hiiiiil.  is  a  conplets  ring  ;  Um  back  port  of  the  ring  :  much  broader  than  the  fmnt. 
On  the  top  of  this  broad  portion  of  the  cricoid  arc  the  aryi  irtflagei  (fig. 

.'».'.j.  7);  the  connection  between  the  cricoid  below  and  aryh m  I  iges  above 

b  a  joint  with  synovial  membrane  and  ligament-.,  the  Litter  permitting  tolerably  free 


M 


Ki  ..  661.— CktUtatcfH of  :: i  tooL     I  ta  I,  Thyroid  e*rtfl«n*;  I,  vertical  ridxaor 

Hi :  2,  right  kin  ;  S,  *iii»rlor,  tail  I,  '  r«rtt- 

lago;  5.  iiuWfuf  ttwpoal  ,  mm-riir  i.krru*  ;  '..  .  I     | ;  T^J^Trf*  T  flflipi 

motion  between  them.  Hut  although  the  arytenoid  cartilages  can  move  on  the 
cricoid,  they  Mcomuaajf  the  latter  in  ad  its  movements.  Hie  base  by  means  of 
which  each  arytenoid  cartilage  it  00  tfafl  OiOOU  is  triangular  ;  the  anterior  angle  is 
often  called  the  vocal  process :  to  it  the  posterior  ends  of  the  true  vocal  cords  are 
attached.     The  outer  nnglc  is  thick  and  called  the  muscular  process. 

The  cornicular  cartilages,  or  cartilages  of  Santorini,  are  lurched  on  tlic  top  of 


. 


Cut.  WritbergtU 

Cmrt.  Kan 

Cart.  arytea, 
Pcuo.  oivucuL 

I  two  aryWn.  - 

too,  pott.  »ui'.- 

■ 

Ug.  ecnOa^iriivj.  poai,  Inf. . 


•  art.  trarhrjr. 


I'»ni  iKfiutiran. 


•U.-Tha  Umjtu  a*  .«n  Droe  MiioH  »rt«  rernu.  il  ..rf  Bu  awfclm.    T»o  C*rtna™»  «uj  lluauienuj 

MUlO,    (.s*o«rk.) 

the  arytenoid.-  i  the  i  uneifoi  m  rnaHkunM,  or  c*rHlag*i  of  vvrisbcrg,  arc  In  a  fold  of 
•'in-  brane;  theepigiotHi  looks  tike  i  h.l  bathe  irbo]e(fg.  ......). 

lh.  thyroid  cutilaa  ectnd  with  the  cricoid,  by  the  cricothyroid  oMm- 

bniiic.  and  iil.su  liv  jtiinl..  with  s\n.ivial  in.  inl.ini.  s;  the  \o\  ofthi    llivroid 

clasp  tin  cricoid  h.    vi ,    t  not  so  UghtJv  lait  that  tiie  thyroid  CAO  revolve. 
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within  :i  certain  range,  around  an  axis  passing  transversely  through  tlie  two  joints 
at  which  the  cricoid  is  cUipod.  The  vocal  cords  are  attached  behind  to  the  front 
portion  of  the  base  (vocal  process)  of  the  arytenoid  cartilages,  un.l  in  froot  to  the 
reentering  angle  «t  the  back  of  the  thyroid  it  is  evident,  therefore,  that  all 
meats  of  either  of  these  cartilages  must  produce  an  effect  on  tltem  of  miuw  kind  or 
other.  Inasmuch,  too,  as  the  arytenoid  cartilages  rest  on  the  top  of  tin  hock  portion 
of  the  cricoid  cartilngc.  and  are  connected  with  it  by  capsular  and  other  ligaments, 
ill  Movements  of  the  Cricoid  cartilage  must  move  the  arytenoid  cartilages,  and  also 
produce  an  effect  on  the  vocal  cords. 

Mucous  membrane — The  larynx  is  lined  with  a  mucous  membrane  continuous 
with  that  uf  the  tnchea ;  this  U covered  with  ciliated  epithelium  except  over  the  vocal 
cords  and  epiglottis,  where  it  Is 
stratified.  The  vocal  cords  are 
thickened  binds  of  elastic  Hss' 
this  mucous  membrane  which  run 
from  before  back.  They  are  at- 
tached behind  to  the  vocal  processes 
of  the  arytenoid  cartilages,  ami  in 
ln.ni  to  the  angle  where  the  two 
wings  of  the  thyroid  meet  Km 
chink  between  them  is  called  the 
rfsM  gbttljk  (see  fig.  554).  Two 
ridges  of  mucous  membrane  above 
arid  parallel  to  these  are  called  the 
f>\U*  sowJ  r,,nl$;  between  the  true 
and  false  vocal  cord  on  each  side  is 
a  recess  called  the  rmtrieU. 

Muaclaa. — The  muscles  of  the 
larynx  are  divided  into  intrinsic  and 
extrinsic  Thr  intrinsic-  are  named 
from  their  attachments  to  the  various 
curtilages;  tire  extrinsic  arc  those 
which  o.niic.  I  the  larynx  to  other 
parts  like  tike  hyoid  bone. 

The  intrinsic  muscles  of  the 
larynx  are  as  follows  i — 

1.  Crico-thyroid. 

•_'.  Posterior  crico-arytenoid. 

3.  Lateral  crico-arytcnoid. 

4.  Thynt-orytenoid. 

5.  Arytenoid. 
All    these    muscles   except   the 

arytenoid  are  in  pairs. 

Their  attachments  and  actions 
are  as  follows  i 

1.  fjjsii  ikgivM  TMi  Is  a 
short,  thick  triangular  muscle,  at- 
tached below  to  the  cneoiil  cartilage ; 
tills  attachment  extends  from  the  middle  line  backwards.  Tlve  fibres  pass  upwards 
and  outwards,  diverging  slightly  to  be  attached  above  lo  the  inferior  border  of  the 
thyroid  cartilage,  and  to  the  anterior  border  of  its  lower  cornu.  In  the  latter  portion 
of  the  muscle,  the  fihrcs  arc  nearly  horizontal  Some  of  the  superficial  fibres  are 
continuous  with  those  of  the  inferior  constrictor  of  the  pharynx. 

The  thyroid  cartilage  being  fixed  by  extrinsic  muscles,  the  contraction  of  tin 
muscle  draws  upwards  the  anterior  part  of  the  cricoid  cartilage,  and  depresses  the 
posterior  part,  and  with  it  the  arytenoid  curtilages,  so  that  the  vocal  cords  are 
stretched.     Paralysis  of  these  muscles  therefore  causes  an  inability  to  produce  high- 
pitched  tones 

2,  Posterior  tirlsoaryf—oM.    TMi  arises  from   the   broad   depression  on  the 
nwTesponding  half  of  the  posterior  surface  of  Ihe  cricoid  cartilage;  its  fibres  con- 
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verge  upwards  and  outwards,  and  are  inserted  into  the  outer  angle  of  the  base  of  the 

i.l  f  rtilllgfl  behind  the  attachment  of  the  lateral  cricc-arylcnoid  muscle. 

Nrir  their  insertion  the  upper  fibres  rare  blended  with  the  lower  fibres  of  the  ary- 

I  muscle. 

These  muscles  draw  I  he  outer  •■ingles  of  Uie  arytenoid  eartilagcs  backwards  and 

inwards,  and  thus  rotate  the  anterior  or  vocal  processes  outwards,  and  widen  the 

rirna  glottidis.    They  come  into  action  during  deep  inspiration.    If  they  are  paralysed, 

the  lips  of  the  glottis  approach  the  middle  line  and  conic  in  con  tart  during  each 

inspiration,  so  that  dyspn.i.a  la  produced. 

u-ises  from  the  sloping  upper  border  of  the 

Cricoid  cartilage,  and  is  inserted  into  the  muscular  process  of  the  arytenoid  earl  i- 

lage.  and  thi  I  part  of  its  anterior  surface.     Its  upper  part  is  more  or  less 

ii  the  thyroarytenoid,  and  .<  few  of  its  fibres    m  i-onlinuous  round  the 

outer  side  of  the  arytenoid  cartilage  with  the  arytenoid  muscle. 

I  i        muscles  draw  the  m  .- ,-nl u  processes  of  the  arytenoid  cartilages  forwards 

and   downwards,  and   thus  ap- 
proximate the  vocal  cords.    They 
are  antagonistic  to  the  po 
cricoarytenoids. 

•4.   T/ii/i  ,./.  —  This 

eonsists  of  two  portions. 
anil  oaten  The  BMMT  portion 
arises  in  the  lower  half  of  the 
angle  formed  by  the  alee  of  I  lie 
Id  cartilage,  and  passing 
backwards  is  atturhed  behind  to 
the  vocal  process  and  to  the  ad- 
jacent parts  of  the  outer  surface 
<  d  the  arytenoid  cartilage.  These 
fibres  are  joined  internally  by 
short  fibres  which  are  attached 
In  front  to  the  vocal  cord,  and 
behind  to  the  vocal  process, 
oblique  fibres  pass  from 
the  sloping  portion  of  the  crico- 
thyroid membrane  betov  the 
vocal  curd,  upwards,  nut  wards, 
and  somiwhnt  backwards,  to 
sad  in    Hi1-"   li-.sue   of  tfaa   false 

vocal  cord.    The  fibres  of  the 

o»t<^  port  ion  arise  in  front  from 
the  thyroid  cartilage  close  Ic 
oriL-in  of  I  he  inner  portion  and  from  the  erico-thyroid  DCmbime.  Tiny  pass  back- 
ward, to  be  Inserted  in  perl  Into  the  lateral  border  and  muscular  process  of  the 
arytenoid  cart ilage.  and  in  part  they  pass  obi Iqueh  upwards  towards  the  itryt  im- 
I'i  in  ft 4i !  ending  in  the  false  vocal  cord.  The  portion  of  this  muscle  which 
extends  toward*  the  en  i  often  described  at  a  separate  muscle  (thyrtt- 

'I'iy  it  resembles  the  crico-nrytcnoid  in  that  some  of  Its  fibres  an-  con- 

tinuous with  those  of  Hie  arytenoid  muscle. 

The  trrior  fibres  will  bend  to  draw  forward  the  arytenoid  cartilage, 

and  with  it  the  posterior  part  of  the  cricoid  cartilage,  rotating  the  latter  upwards 
and  antagonising  the  action  of  the  erico-thyroid  muscle,  the  effect  being  to  relax  the 
vocal  cords.  But  If  the  latter  are  kept  stretched  those  fihres  of  the  inner  portion  of 
the  muscle  which  arc  inserted  into  the  vocal  cord  may  serve  to  modify  its  elasticity, 
tightening  the  parts  of  Lhe  OCtd  In  front  of,  and  relaxing  those  behind,  its  attach- 
ment. The  vertical  fibres  of  the  muscle  which  extend  from  the  erico-thyroid  ninn- 
brane  across  the  base  of  the  vocal  fold  and  over  the  ventricle  Into  the  false  vocal 
cord,  render  the  free  edge  of  the  form,  r  more  prominent  Then  the  fibres  which  are 
inserted  into  the  muscular  process  and  outer  surface  of  the  arytenoid  cartilage  will 
tend  to  draw  the  arytenoid  cartilage  forwards  and  rotate  it  inwards ;  finally,  the 
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fibres  which  pass  into  the  arytcno-epiglottidean  fold  may  assist  in  depressing  the 
epiglottis. 

If  these  muscles  are  paralysed,  the  lips  of  the  glottis  aiv  no  longer  parallel,  hut 
are  currcd  with  the  concavity  inwards,  and  a  much  stronger  blast  of  oir  is  required 
for  Hie  production  of  the  voice. 

'..  Ar;1',i,<ii'l.—\\'\uT\  the  mucous  uu-mhraiie  Is  removed  from  the  liack  of  the 
arytenoid  cartilages,  a  band  of  transverse  fibres  is  exposed,  on  the  dorsal  surface  of 
which  are  two  slm  l.r  decUMftng  obMqqc  bundles.  These  are  oft« 
separate  muscles  (arytenoid  and  aryteno-epigk)ttidcan),  but  they  arc  Intimately 
i>lrrnled  together,  lot  ventral  fibres  (arytenoid  proper)  pass  straight  across  ftsan 
the  outer  half  of  theO0DCa*C  surface  on  the  baelc  of  one  oryteiu  gctothe 

corresponding  surface  of  the  other.  The  dorsal  fibres  can  be  followed  to  the  lateral 
walls  of  the  larynx,  the  uppermost  ones  to  the  cartilage  of  Santorini.  the  intermediate 
ones  nm  with  the  nppermi>st  fibres  of  the  BlJUUMjlcUUio1  muaclc  farming  the  so- 
called  aryteno-cpigh>ttidran  muscle,  and  tin-  lowest  fibres  blend  at  Ibe  level  of  the 
true  vocal  cords  vtth  tbi  ih>  niarytenold  and  lateral  cricrmryti-noid  m-iscles. 

The  arytenoid  muscle  draws  the  arytenoid  cartilages  together.  If  it  is  paralysed. 
Uie  inten-artiUginous  part  of  the  glottis  remains  open,  although  the  membranous  lips 
can  still  be  approximated  during  vorali.s."  I 

It  has  b«an  L"  ii.  raLly  supposed  that  the  epiglottis  is  depressed  as  a  lid  over  the 

Slottis  during  swallowing.  I  his  may  be  so  in  some  animals,  but  in  man  it  is  not 
»e  case  ••  the  epiglottis  projects  upwards  in  close  contact  with  the  base  of  the  tongue. 
The  necessary  closure  of  the  glottis  during  swallowing  is  brought  about  by  the  con- 
traction of  the  arytenoid  and  Uiyro-arytenoid  muscles:  by  this  means  the  a- .  i.  sold 
cartilages  are  drawn  towards  each  other,  tod  also  forwards  into  contact  with  the 
posterior  surface  of  the  epiglottis  (Anderson  Stuart),  Ilcnle  remarks  that  "the 
muscles  which  lie  in  the  space  enclosed  by  the  lajnjnps  of  the  thyroid  cartilage  and 
above  the  cricoid  may  be  regarded  in  their  totality  as  a  kind  of  sphincter  mi.1i  as  Is 
found  in  Its  simplest  Item  embracing  the  entrance  of  the  larynx  in  reptih-s  '  (CJuain'a 
Anatomy). 

Nerves. — The  larynx  is  supplied  by  two  branches  of  the  vagus;  the  Mq 
Utrynytal  to  the  sensory  nerve;  by  n  branch,  H   supplies  one  muscle, 

namely,  the  crico-thyrokl.     These   fibres,   however,   probably  arise   from  glosso- 
pharyngeal rootlets  (see  p.   MS}      The  rest  of  the  muscles  are  supplied   by  the 
rw  farynovoJ  asraa,  the  fibres  of  which  come  from  the  spinal  accessory,  not 
Uie  vagus  proper. 

The  laryngoscope  is  an  instrument  employed  in  investigating  during  life  the 
condition  of  the  pharynx,  larynx,  and  trachea.  It  consists  of  a  large  concave  mirror 
with  perforated  centre,  and  of  a  smaller  mirror  fixed  in  a  long  handle.  The  patient 
L)  placed  in  a  chair,  a  good  light  (argand  burner,  or  electric  lamp)  to  arranged  on  one 
side  of,  and  a  little  above.  Ids  head.  The  operator  fixes  the  large  mirror  round  his 
head  in  such  a  manner,  that  he  looks  through  the  central  aperture  with  one  eye 
He  then  .salts  himself  opposite  the  patient,  and  so  alters  the  position  of  the  mirror, 
which  is  for  this  puqjose  provided  with  a  ball-and-socket  joint,  that  a  beam  of  light 
is  reflected  on  the  lips  of  the  patient 

The  patient  is  now  directed  to  throw  his  head  slightly  backwards,  and  to  open  his 
mouth  ;  the  reflection  from  the  mirror  lights  up  the  cavity  of  the  mouth,  and  by  a 
little  alteration  of  the  distance  between  the  operator  and  the  patient  the  point  at 
which  Uie  greatest  amount  of  light  is  reflected  by  tiic  mirror — in  other  word?,  it'. 
focal  length— is  readily  discovered.  The  small  mirror  fixed  in  the  handle  is  then 
warmed,  cither  by  holding  it  over  the  lamp,  or  by  pu:  ,to  a  vessel  of  warm 

water:  this  is  ncccssan  ti>  pi  vent  the  condensation  of  breath  upon  its  surface. 
The  degree  of  heat  is  regulated  by  applying  the  back  of  the  mirror  to  the  hand  or 
cheek,  when  it  shoe!  ■  wnhon  being  painful. 

After  these  preliminaries  the  patient  is  directed  to  put  out  his  tongue,  which  to 
held  by  the  left  hand  gently  but  firmly  against  the  lover  teeth  by  means  of  a 

handkerchief.  The  warm  mirror  is  passed  to  the  back  of  the  mouth,  until  it  rests 
upon  and  slighUy  raises  the  base  of  the  uvula,  and  at  the  same  lime  the  light  to 
.hrr -etcil   UpOf]    it  :   an   ll  If*  of  the   larynx   ami  trachea  will  be  Men  in  the 

mirror.     If  the  dorsum  of  the  tongue  is  alone  seen,  the  handle  of  the  mirror  ■■ 
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lin.    (In-  Cm   Mod  rorvilf,  white  and  shining  n  their  nonnul  i  I  In- cords 

approximate  (in  the  Inverted  Image]  ptttatalj  ;  belVMB  thou  i>  left  a  <hink, 
narrow  whilst  a  high  note  is  being  sung,  aide  during  n  deep  iiisiiimtiun.  On  each 
side  of  the  tme  VOCaJ  OM  00  ■  higher  level,  arc  the  fhotfabt  ttooaieordt. 

Still  more  exteni.«ll>  than  lh<:  fiil.se  i.%  the  myttm  unfold,  in 

win.  li   Bt  Vuiated  upon  each  side  thn-c  small  •  I  I  UM  UtOSl  external 

is  the  OOrtflom  "/  wrbbttff,  the  intermediate  is  the  <ar<ila->'  int.  whilst 

the  summit  of  the  arylnunii  cartiiam  is  in  front,  .mil  somewhat  below  the  preceding, 
being  only  seen  during  deep  inspirit  ion.  The  rJMI  t>f  ihr  imrhm,  anil  even  the 
hilure.iiioii  of  the  tt  i . .  i  'the  patient  1*  directed  to  draw  a  deep  breath, 

may  be  seen  in  the  interval  between  the  true  vocal  cords. 


Movements  of  the  Vocal  Cords. 

In  Respiration. — Tho  position  of  the  vocal  cords  in  ordinary 
tranquil  breathing  is  so  adapted  by  the  muscles,  that  the  opening 
of  the  glottis  is  wide  and  triangular  (tig.  558,  B).  For  all  practical 
purposes,  the  glottis  remains  unaltered  during  ordinary  quiet  breath- 
hough  in  a  small  proportion  of  people  it  l>ecoines  a  little  wider 
at  each  inspiration,  and  a  little  narrower  at  each  expiration.  In  the 
cadaveric  position  the  glottis  has  about  half  the  width  it  has  during 
ordinary  breathing ;  during  life,  therefore,  except  during  vocalisation, 
the  abductors  of  the  vocal  cords  (posterior  crico-aryteuoids)  are  in 
constant  action.  (F.  Sumou.)  On  making  a  rapid  and  deep  inspira- 
tion the  opening  of  tho  glottis  is  widely  dilated  (fig.  568,  c),  and 
somewhat  lozenge-shaped. 

In  Vocalisation. — At  the  moment  of  the  emission  of  a  note,  the 
chink  is  narrowed,  the  margins  of  the  arytenoid  cartilages  being 
brought  into  contact,  and  the  edges  of  the  vocal  cords  approximated 
and  made  parallel  (tig.  558,  a);  at  the  same  time  their  tension  ia 
much  increased.  Tho  higher  the  note  produced,  tho  tenser  do  the 
cords  become;  and  tho  range  of  a  voice  depends,  in  the  main,  on 
the  extent  to  which  the  degroe  of  tension  of  the  vocal  cords  can 
be  thus  altered.  In  tho  prodm-ium  oi  a  high  note  the  vocal 
cords  are  brought  well  within  sight,  so  as  to  lie  plainly  visible 
with  the  help  of  the  laryngoscope.  In  the  utterance  of  low-pitched 
tones,  on  the  other  hand,  the  epiglottis  is  depressed  and  brought 
over  them,  and  the  arytenoid  cartilages  look  as  if  they  were  trying 
to  hide  themselves  under  it  (fig.  559).  The  epiglottis,  by  being 
somewhat  pressed  down  so  as  to  cover  the  superior  cavity  of  the 
larynx,  serves  to  render  the  uotes  deeper  in  tone  and  at  the  same 
t.iini)  somewhat  duller. 

The  degree  of  approximation  of  the  vocal  cords  also  usually 
corresponds  with  the  height  of  the  note  produced;  but  the  width  of 
the  aperture  has  no  essential  influence  on  the  pitch  of  the  note,  as 
loug  as  the  vocal  cords  havo  the  same  tension:  only  with  a  wiik 
aperture  the  tone  is  more  difficult  to  produce  and  is  less  perfect,  the 
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rushing  of  the  air  through  the  aperture  being  heard  at  the  same 

i  line. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the 

A' 


c- 


''*.— Tliroa  UryntjMmpic  view*  nf  the  aiiperhir  aperture  of  tha  larynx  anil  mirruuinllriir  pnrta.     A, 

Tba  i.e.,  .',1.,,..,  tb  tmJaaloa  •■' a  blga  noti  la  n  ■■  Is  ;  S,la*M!  md  lotoHnlutlattonaf  «lr;  C. 

In  th«  aUte  of  wlclwt  jmaaHileilUatatlon.  a*  In  Inhaling  a  vrrj'  <l**J'  breath.  The  tllagraina  V,  II,  ari'l 
C,  ahow  In  horizontal  eectiufia  nf  the  nhittU  the  p-aiuon  i.f  the  voral  r.:>r>I»  ami  arytenoid  OUtUUBM 
la  tli*  three  eoveial  atatet  rennwent*"!  lu  the  other  llguree.  In  ail  the  Duurea  *j  lit  u  mark r  |.  ihe 
latter*  iti'llr-jat*  the  part*  aa  I  i  Ihi  I  w  of  the  tonpi*  ;  f,  tha  upper  free  jiart  oa  the 

opijjlottia;  r',  the  tuberi-le  or  i-ualikm  of  Ui«  eylalnttla;  pi  par*  of  tha  antaatoi  wall  of  Om 
pharynx  behind  the  larynx:  In  the  mar.-ln  Of  the  ao'f  i"'-«!'l*M*M«<an.  fol'l,  v,  theawaUlnRof  tha 
membrane  cauee- 1  I  ■■■•nry: :  >,  that  Of  the  '-arUlaxM  .if  Ban! 

'  at  aryioir  M  MTUTapa :  c  r,  the  true  vocal  cords  or  Ilpa  of  the  rlnia  ulolUiUa ;  c  v  i,  the 

MMrkat  at  falsa  vocal  eotxla ;  between  thrm  the  ventricle  of  the  larynx :  In  L',  tr  1*  placed  on  the 

anterior  wall  uf  the  recaliiiK  trachea,  ami  b  Indkiitea  tbi  ruieot  of  the  two  bronchi  beyond 

furcation  which  may  he  brought  Into  \iew   in  thla  state  of  extreme  il Halation.    (Qualn,  after 

Cwnnalc.) 

Etperfore  of  the  glottis,  that,  viz.,  which  is  formed  by  the  space 
between  the  arytenoid  cartilages. 


The  Voice. 

The  human  musical  instrument  ib  often  compared  to  a  reed  organ- 
pi]  ••' :  certainly  the  notes  produced  by  such  pipes  in  the  vox  hvmana 
stop  of  organs  is  very  like  the  human  voice.  Here  there  is  not  only 
the  vibration  of  a  column  of  air,  but  also  of  a  reed,  which  corre- 
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sponds  to  the  vocal  cords  in  the  air-chamber  composed  of  the  trachea 
and    i  iclii.il    system  beneath  it.     The  pharynx,  month,  and 

nasal  cavities  above  the  glottis  are  resonating  cavities,  whieh,  by 
alterations  in  their  shape  and  size,  are  able  to  pick  out  and  emphasize 
certain  component  parts  of  the  fundamental  tones  produced  hi  the 
larynx.  The  natural  voice  is  often  called  the  chest  voice.  Tbe 
falsetto  voice  is  differently  explained  by  different  observers;  on 
laryngoscopic  examination,  the  glottis  is  found  to  be  widely  open,  bo 
that  then;  is  an  absence  of  chest  resonance;  some  have  supposed 
that  the  attachment  of  the  thy ro -arytenoid  muscle  to  the  vocal  cord 
renders  it  capable  of  acting  like  the  finger  on  a  violin  string,  part  of 
the  cord  being  allowed  to  vibrate  while  the  rest  is  held  still.  Such  a 
shortening  of  a  vibrating  string  would 
produce  a  higher  pitched  note  than  is 
natural. 

Musical  sounds  differ  from  one 
another  in  three  ways  : — 

1.  In  pitch.—  This  depends  on  the 
rate  of  vibration ;  and  in  the  case  of  a 
string,  the  pitch  increases  with  tho  ten- 
sion, and  diminishes  with  the  length  of 
the  string.  Tho  vocal  cords  of  a  woman 
are  shorter  than  those  of  a  man,  hence 

the  higher  pitched   voice  of  women. 

The  average  length  of  the  female  cord 

is  11*5  millimetres;   this  can  be  stretched  to  14;  the  male 

averages  15'5,  and  can  be  stretched  to  195  millimetres. 

2.  In  loudness. — This  depends  on  the  amplitude  of  the  vibrations, 
and  is  increased  by  the  force  of  the  expiratory  blast  which  sets  the 
cords  in  motion. 

3.  In  "timbre." — This  is  the  difference  of  character  which  dis- 

pone voice,  or  one  musical  instrument,  from  another.  H 
t  tho  primary  vibrations  with  secondary  fibre- 
tions  or  overtones.  If  one  takes  a  tracing  of  a  tuning-fork  on  a 
revolving  cylinder,  it  writes  a  simple  series  of  up  and  down  waves 
corresponding  in  rate  to  the  note  of  the  fork.  Other  musical  mstiu- 
meuts  do  not  mjelves  to  this  form  of  graphic  record,  hut  their 

vibrations  can  be  rendered  visible  by  allowing  them  to  acton  a  small 
sensitive  gas-flame;  this  bobs  up  and  down,  and  if  the  rafleotiofl  oi 
this  flame  is  allowed  to  fall  on  a  series  of  mirrors,  the  top  of  the 
tinuoua  image  formed  is  seen  to  present  waves.  The  mirrors  are 
usually  arranged  on  the  four  lateral  sides  of  a  cube  which  is  rapidly 
rotated.  If  one  sings  a  note  on  to  the  membrane  in  the  side  od  the 
gas-chamber  with  which  the  flame  is  in  connection,  the  waves  seen 
are  not  simple  up  and  down  ones,  but  the   primary  large  waves  are 


-View  cf  Uj«  uvs«r  i«rt  of  lit* 
larynx  *•  M*n  ly  owns  erf  t fit  laryngo- 
•ropa  •luring  Urn  utterance  of  ■  Uaa 
note,  r,  K(;lylotUa  ;  '.  tulerclaa  uf  the 
cartilage*  of  NkBtorinl;  a,  arjrtcuoiil 
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plicated   hy  smaller  ones  on   their  surfaw,  at   (wire,  1 1 1 r- 1 • 
rate  of  the  primary  .il  nation.     The  richer  a  voice,  the  richer 
sound  of  a  musical  instrument,  the  more  numerous  are  these  over- 
tones or  harmonics. 

The  range  of  the  voice  is  seldom,  except  in  celebrated  singers, 
more  than  two-und-a-half  octaves,  and  for  different  voices  tliis  is  in 
different  parts  of  the  musical  scale. 

Although  the  voice  is  usually  produced  hy  the  expiratory  blast, 
by  practice  one  can  employ  the  inspiratory  blast;  this  constitutes 


si>\ 


Kiu.  MO.— K'  'dig'*  nji[>4r»lu»  fur  obtaining  flamo  picture*  uf  musical  uuim. 

the  form  of  speech  known  as  ventriloquism.  The  voice  does  not 
appear  to  come  out  of  the  speaker's  mmith ;  and  as  we  uover  readily 
distinguish  the  direction  in  which  1 1 » i r  sounds  reach  our  ear,  the 
ventriloquist,  hy  directing  the  attention  of  the  audience  to  various 
parts  of  the  room,  la  able  to  make  th&D  imagine  the  voice  is  pro- 
ceeding from  those  parts. 

Speech. 

Tliis  is  due  to  tho  modification  produced  in  the  fundamental 
laryngeal  notes,  by  the  resonating  cavities  above  the  vocal  cords. 
By  modifying  the  size  and  shape  of  the  pharynx,  mouth,  and  nose, 
certain  overtones  or  harmonics  are  picked  out  and  exaggerated :  this 
gives  us  the  vowel  sounds ;  the  consonants  are  produced  by  inter- 
ruptions, more  or  less  complete,  of  tho  outflowing  air  in  different 
situations.  The  soft  palate  is  raised  at  each  word.  When  the 
larynx  is  passive,  and  tho  resonating  cavities  alone  come  into  play, 
then  we  get  whispering. 
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ll  pitch  of  the  Vowels  has  been  estimated  musically :  «  has  the  lowest  piti  h. 
then  o,  u  (as  in  f.itherj,  i  (as  in  cane),  i.  ami  s,  We  may  give  a  few  exaui] 
the  shape  of  the  resonating  envibes  in  |mjtlUUUebM|  vowel  sounds,  and  produeinp 
ii'iracteristi.  timbre  i  when  sounding  u  (m  father)  the  mouth  lias  the  shape  of 
a  funnel  wide  in  front  j  lite  tongue  lies  on  ilic  floor  of  the  mouth  :  the  lips  are  wide 
open  ;  the  soft  palate  is  moderately  and  the  larynx  slightly  raised. 

In  pronouncing  m  {<><>).  the  cavity  of  the  mouth  is  shaped  like  a  capacious  tlask 
with  a  short  narrow  neck.  The  whole  resonating  cavity  is  then  longest,  the  lipb 
bdng  protruded  as  far  as  possible;  the  larynx  is  depressed  and  the  root  of  the  tongue 
appro. h  In  |  Ihfl  fauces. 

In  pronouncing  •>,  the  neck  of  the  flask  Is  shorter  and  wider,  the  lips  being 
nearer  the  teeth  :  u  is  slightly  lusher  than  in  -uumhng  oo. 

In  pronouncing  ».  the  flask  is  a  small  one  with  n  Ionp  narrow  neck.  The 
resonating  chamber  is  then  shortest  as  the  larynx  is  raised  a*  much  as  possible,  and 
the  mouth  is  bounded  by  the  teeth,  the  lips  being  retracted ;  the  approach  of  the 
tonjrue  near  the  hard  palate  makes  the  long  neck  of  the  flask. 

The  Consonants  arc  produced  by  a  more  or  less  complete  closure  of  certain 
doors  on  tin  |  •nur.-.e  of  the  outgoing  blast.  If  the  closure  is  complete,  ami  the  blast 
suddenly  rnCDI  the  door,  the  result  is  an  ■  it  tin  door  is  partly  closed,  and 

the  uir  rushes  with  a  hiss  through  it,  the  result  is  an  at/iiia/i  ,  il  the  <l«K>r  is  nearly 
clotted  and  its  margins  arc  thrown  into  vibration,  the  result  is  a  rihrnlir*  ;  If  Uie 
mouth  is  closed,  and  the  sound  has  to  find  its  way  out  through  the  nose,  the  result 
is  a  mimaM. 

These  doors  are  four  in  number  |  Bm«  be  called  them  the  articulation  fxmliont. 
They  are— 

1.  Between  the  lips. 

2.  Between  the  tongue  and  hard  palate. 

3.  Between  the  tongue  and  soft  palate. 

4.  lh  I  v..  i  ii  I  In-  vocal  cords 

Thc  following  table  classifies  the  principal  consonants  according  to  this 
plan :— 


artleaUrUoB 

[Ulllti 

Kiploslrw. 

ajptntsa 

VlbrstivM. 

Itaauoanta. 

1 

B. 

P. 

F,  V.  W. 

M. 

2 

1. 

D. 

S.  /.  L,  Sen, 

Th. 

ic 

N. 

3 

K. 

G. 

Palatal  K. 

Ng- 

4 

H. 

R  of  lower  Saxon 

The  Introduction  of  the  phonograph  has  furnished  us  with  |    -nt  which 

it  is  hoped  in  the  future  will  enable  us  to  state  more  accurately  than  has  hitherto 
been  possible,  the  meaning  of  thechanaea  In  nature  "ml  intensity  of  the  complex 
vibrations  which  constitute  speech,  1  he  microscopic  study  of  the  tracing  on  tin- 
recording  phonographic  cylinder,  and  various  methods  of  obtaining  a  high 
cation  oft  he  movements  of  the  recording  style  have  been  carried  out  by  M'Kcmii 
and  others.  The  subject  is,  however,  not  yet  sufficiently  ripe  for  definite  statements 
to  be  made. 


Defects  of  Speech. 

Speech  may  be  absent  in  certain  forms  of  lunacy,  and  temporarily  In  that  defect 
of  will  called  lnj- 

it  may  be  absent  owing  to  congenital  defects.  Children  born  deaf  are  dumb 
also.  This  is  because  we  think  with  remembered  sounds,  and  in  a  |>erson  l>orn  deaf 
the  auditory  centres  are  never  set  into  activity.  By  educating  the  child  by  the 
visual  inlet,  it  can  be  taught  to  think  with  the  remembered  shapes  of  the  mouth 
and  expressions  of  the  ftue  produced  in  the  act  of  speaking,  and  to  can  itself  speak 
In  tunc. 


762 


VOICE  AND  sAtECH 


[CH.  LV. 


If  i»  child  becomes  re  it  Is  six  or  seven  years  old,  there  is  a  liability  it 

will  forget  the  speech  it  lias  learnt,  and  so  become  dumb. 

In  congenital  hemiplegia  there  may  be  speechlessness,  especially  if  tlie  injury  is 
due  to  meningeal  hemorrhage  affecting  th-  fen     i   the  left  hemisphere. 

These  children  generally  lalk  late,  the  right  side  of  the  brain  taking  on  the  function 
of  the  left 

Disorders  of  speech  and  voice  occur  from  affections  of  the  larynx,  and  of  the 
nerves  which  supply  the  larynx.  Stammering  is  a  want  of  co-ordination  between 
the  various  muscles  employed  in  the  act  of  speaking. 

Perhaps  the  most  interesting  of  the  disorders  oi  speech,  however,  ore  those  due 
to  brain  diseasejn  adults.     These  fall  into  three  principal  categories : — 

1.  Aphrmia. — A  difficulty  or  inability  to  ulier  or  articulate  words.  It  is  often 
associated  with  difficulty  of  swallowing,  and  cxvurs  in  lesions  of  the  base  of  the 
brain,  especially  of  pons  and  bulb.  The  blurring  of  speech  noticed  in  most  cases  of 
apoplexy  may  aim)  M  ui'luiled  under  this  head. 

2.  Jphatla.  This  is  a  complex  condition  in  which  the  will  to  speak  exists,  and 
also  the  ability  to  speak,  but  the  connection  between  the  two  is  broken  down. 
When  the  patient  speaks,  the  words  which  he  utters  arc  well  pronounced,  but  are 
not  those  he  wishes  to  utter.  This  is  often  associated  with  Agraphia,  a  similar 
condition  in  respect  to  writing.  It  is  Uie  form  of  disordered  speech  associated  with 
disorganisation  of  Broca's  convolution. 

3.  A tii w An.—  This  term  mctudei  a  large  class  of  cases  b  the  main 
symptom  is  loss  ol  for  words,  or  a  defect  of  the  association  of  ideas  of 
things  with  ideas  of  words,  not,  as  in  aphasia,  with  ideas  of  verbal  action.  Amnesia 
is  associated  with  lesions  of  the  intellectual.  ».'..  the  sensory  centres  of  the  cortex 
behind  the  Ro  Ian  die  urea.  We  have  seen  that  in  this  region  of  the  brain  there  are 
two  important  centres,  the  visual  and  the  auditory,  and  the  parts  of  these  which  arc 
associated  with  words  may  be  called  the  i-isnul  wninf  i— tin  and  the  mdttovy  word- 

■'■•'.  In  amnesia  (sometimes  called  sensory  aphasia),  cither  these  centres  them- 
selves, or  the  tracts  that  connect  them,  are  diseased  or  broken  down.  See  also 
p.  605. 

With  regard  to  the  auditory  word-centre.  Impressions  for  the  sounds  of  words 
are  revived  in  one  of  three  ways : — 

ii.  Spontaneous  or  volitional ;  owing  to  accumulated  traces  which  constitute 
memory,  a  man  when  he  wants  to  express  his  thoughts  in  words  remembers  the 
sounds  it  is  necessary  to  use  ;  impulses  pass  to  the  motor  centre  (Broca's  convolu- 
tion), thence  to  the  ncrvc-ccntrcs,  nerves,  and  muscles  of  the  larynx,  mouth,  chest, 
etc.  and  the  man  speaks. 

I:  In  slight  disease  of  the  auditory  word-centre,  he  is  unable  to  do  this  but  if 
his  mind  is  set  into  a  certain  CTOOTe  htt  W  II  speak ;  thus  if  the  alphabet  or  a  w.  II- 
known  niece  of  poetry  be  started  for  him  he  will  finish  it  by  Iiiiii.v-H'. 

C.   W  Ininorc  severe  cases,  a  more  powerful  stimulus  still  is  needed;  he 

will  n-ji-at  any  words  after  another  person,  but  forget  them  immediately  afterwards. 

W  ith  regard  to  the  visual  word-centre  as  tested  by  writing,  there  are  also  three 
ways  of  reviving  impressions  for  written  words  or  letters. 

!  normal. 

6)  A  train  of  thought  must  first  be  set  going;  as,  for  instance,  converting 
printed  words  into  written  characters. 

fr)  Miiivtii" :  he  can  only  write  from  a  copy. 

Two  operations  require  ih<-  combined  activity  of  both  centres ;  the  first  of  these 
Is  reading  aloud,  the  second  is  writing  from  dictation.  These,  however,  we  have 
previously  considered  in  connection  with  the  subject  of  association  in  the  brain 
(seep,  flyfi). 

In  the  investigation  of  any  case  of  defective  speech  there  are  always  the  follow- 
ing six  things  to  be  inquired  into  :  — 

1.  (an  the  patient  understand  spoken  words?  (The  patient,  of  course,  not 
being  deaf. )     If  he  cannot,  the  auditory  word  centre  Is  deranged. 

2.  Can  he  repeat  words  when  request  cd .-  This  tests  the  emission  fibres  from 
the  auditory  word  -centre  which  pass  through  the  m-'tor-ceutrcs  for  speech  in  broca's 
convolution.     If  he  cannot  do  this,  the  patient  has  aphasia. 
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8.  Can  be  write  from  dictation?  If  he  cannot,  either  the  auditory  or  visual 
word-centre,  or  the  fibres  passing  from  the  one  to  the  other,  are  injured. 

4.  Does  he  understand  printed  matter,  and  can  he  point  out  printed  letters  and 
words?  Can  be  read  to  himself?  (The  patient,  of  course,  not  being  blind.)  This 
tests  the  visual  word-centre. 

5.  Can  be  copy  written  words  ?  This  tests  the  channels  from  the  visual  word- 
centre  to  the  motor-centres  for  movements  of  the  hand  in  writing. 

6.  Can  he  read  aloud,  or,  what  is  the  same  thing,  name  objects  be  sees  ?  This 
is  the  opposite  to  writing  from  dictation,  and  tests  the  healthiness  of  the  word-centres 
or  the  fibres  which  connect  the  visual  to  the  auditory  word-centre. 
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The  eyeball  is  contained  in  the  cavity  of  the  skull  called  the  orbit; 
here  also  are  vessels  and  nerves  for  the  supply  of  the  eyeball, 
muscles  to  move  it,  and  a  quantity  of  adipose:  tissue.  In  the  front 
of  the  eyeball  are  the  lids  and  lacrimal  apparatus. 

The  eyelids  consist  of  two  movable  folds  of  skin,  each  of  which  is 
kept  in  shape  by  a  thin  plate  of  fibrous  tissue  called  the  tarsus. 
Along  their  free  edges  are  inserted  a  number  of  curved  hairs  (eye- 
lashes), which,  when  the  lids  are  half  closed,  serve  to  protect  the 
eye  from  dust  and  other  foreign  bodies :  the  tactile  sensibility  of  the 
lids  is  very  delicate.  Imbedded  in  the  tarsus  are  a  number  of  long 
sebaceous  glands  (Meibomian),  the  ducts  of  which  open  near  the  free 
edge  of  the  lid.  In  the  loose  connective  tissue  in  front  of  the 
tarsus,  the  bundles  of  the  orbicularis  muscle  are  situated. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly 
sensitive  raucous  membrane  (conjunctiva),  which  is  continuous  with 
the  skin  at  the  free  edge  of  each  lid,  and  after  lining  the  inner 
surface  of  the  eyelid  is  reflected  on  to  the  eyeball,  being  somewhat 
loosely  adherent  to  tho  sclerotic  coat.  Its  epithelium,  which  is 
columnar,  is  continued  over  the  cornea  as  its  anterior  epithelium, 
where  it  becomes  stratified.  At  the  inner  edge  of  the  eye  the 
conjunctiva  becomes  continuous  with  the  mucous  lining  of  the 
lacrimal  sac  and  duct,  which  again  is  continuous  with  the  mucouB 
membrane  of  the  nose. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
(orbicularis),  supplied  by  the  facial  nerve;  tho  upper  lid  is  raised  by 
the  levator  palpebne  superioris,  supplied  by  the  third  norve. 

The  lacrimal  gland,  composed  of  lobules  made  up  of  acini  resembling 
the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer  angle 
the  orbit.  Its  secretion,  which  issues  from  several  ducts  on  the 
inner  surface  ol  the  upper  lid,  under  ordinary  circumstances  just 
suffices  to  keep  the  conjunctiva  moist  It  passes  out  through  two 
small  openings  (puncta  lacrimalia)  near  the  inner  angle  of  the  eye, 
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eyeball  ia  filled  by  the  aqueous  and  vitreous  humours  and  the 
crystalline  lens ;  but,  also,  there  is  suspended  in  the  interior  a 
contractile  and  perforated  cur  lain, — tin-  iris,  for  regulating  the 
admission  of  light,  and  behind  at  the  junction  of  the  sclerotic  and 


FtO.  M8.— Horizontal  ureparatfon  uf  ournea  of  froR ;  ihutrlni!  tho  n* Iwork  uf  bratidiad  ooraftfrcorpuaelea. 
Tha  pound  rabiUitoa  1»  oomplrtaly  eoloorlnai.     x  400.    (Klein.) 

cornea  is  the  ciliary  muscle,  the  function  of  which  is  to  adapt  the  eye 
for  seeing  objects  at  various  distances. 

The  sclerotic  coat  is  composed  of  white  fibrous  tissue,  with  some 
elastic  fibres  near  the  inner  surface,  arranged  in  variously  disposed 
and  interlacing  layers.     Many  of  the  bundles  of   fibres   cross  the 
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others  almost  at  right  angles.  It  is  separated  from  the  choroid  by 
a  lymphatic  space  (pervkoroidal),  and  this  is  in  connection  vita 
smaller  spaces  lined  with  endothelium  in  tho  sclerotic  coat  itself. 
Thi-n-  is  a  lymphatic  apace  also  outside  the  Bclerotie,  separating  it 
fi- >m  i  loose  investment  of  connective  tissue,  containing  some  smooth 
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muscular  fibres,  called  the  capsule  of  Tmon.     Th<«  innermost  layer  of 
the  sclerotic  is  made  up  of  loose  n  e  I  issue  and  pigrmi  i-r.lls, 

and  is  called  the  lamina  fusra. 

The  cornea  is  a  transparent  membrane  which  forms  a  segment  of 
a  smaller  sphere  than  the  rest  of  the  eye- 
ball, let  in,  as  it  uto  the  sclerotic, 
with  which  it  is  continuous  all  round.  Ir 
is  covered  by  stratified  Bpitl 
562),  consisting  of  seven  or  eight  layers 
of  cells,  of  which  the  superficial  ones  are 
flattened  and  scaly,  and  the  deeper  ones 
more  or  less  columnar.  Immediately 
beneath  this  is  the  anterior  homogeneous 
lamina  of  Bowman,  which  differs,  only  in 
being  more  condensed  tissue,  from  the 
rest  of  the  cornea. 

The  rest  of  the  cornea  consists  of  many 
layers  of  connective  tissue  fibres  arranged 
parallel  to  tho  free  Burface,  the  dire- 
of  tho  fibres  crossing  one  another  at  I 
angles    in    tho   alternate    lamina.      The 
corneal  cnrpuSolflB  lie  in  branched  HUStC 
mosing  spaces  between  the  larninte.    They 
have  been  seen  to  execute  amoeboid  in 
menta.    At  its  posterior  surface  the  cornea 
is  limited    by   the  posterior  homogeneous 
lamina,  or  membrane  of  Descemet,  which 
is  elastic  in  HfttaVB,  and  lastly  a  single 
urn    of    cubital    epithelial    cells    (fig. 

565,(0- 

The  nerves  of  the  cornea  are  both  large 
and  numerous:  they  are  derived  from  the 
ciliary  nerves.  Tln-y  traverse  the  sub- 
stance of  the  cornea,  in  which  some  of 
them  near  tho  anterior  Burface  break  op 
into   axis   cylinders,  and   their  primitive  iitn-iui  <«ju;  u»  «£ 

ax.    -n  mi        i  *  i  •  icUm*  of  Ui«  conm,  /,  li  tma  to 

hiinllse.      The  latter  form  a  plexus   im 

mediately  l)eneath   tl  am,  from 

which   delicate   fibrils  pass   up  between 

the  cells    anastomosing  with   horizontal 

branches,  and   forming  an  intra-epithelial  plexus.     Most    of    the 

primitive  tibrillie  have  a  beaded  or  varicose  appearance.     The  cornea 

has  no  blood-vessels  or  lymphatics,  but  is  nourished |by  ilir  oironl&l  100 

of  lymph  in  the  spaces  in  which  the  corneal  corpiisclee  lie.     These 

communicate  freely  and  form  a  lyrnph-canalicular  system. 


Fro.  t*S.— Vertical  ML-Uotf  of  rabUl '« 

cornea,  aUlnrd  with  gold  chloride. 
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The  Choroid  Coal  {tunica  vasculcsa)  is  attached  to  the  inner  layer 
of  the  sclerotic  in  front  at  the  corneo-scleral  junction  and  behind  at 

i.lio  entrance  of  the  optic  nerve;  elsewhere 
it  is  connected  to  it  only  by  loose  conm 
tissue.  Its  external  coat  is  formed  chiefly 
of  elastic  fibres  and  large  pigment  cor- 
puscles loosely  arranged;  it  contains 
phatic  spaces  lined  with  endothelium.  This 
is  the  lamina  supra*  horaidea.  More  inter- 
nally is  a  layer  of  arteries  and  veins 
arranged  in  a  system  of  venous  whorls, 
together  with  elastic  fibres  and  branched 
pigment  cells.  The  lymphatics,  too,  are  well 
developed  around  the  blood-vessels,  and 
are  besides  distinct  lymph  spaces 
lined  with  endothelium.  Internal  to  this 
is  a  layer  of  fine  capillaries,  very  dense, 
and  derived  from  the  arteries  of  the  outer 
coat  and  ending  in  veins  in  that  coat.  It 
contains  corpuscles  without  pigment,  and  lymph  spaces  which 
surround  the  blood-vessels  (memirrana  chorio-capillarix).  It  is 
separated  from  the  retina  by  a  fine  elastic  membrane  (viembrane 
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Irii  (btm):  10,  ctMary  pnwaara;  11.  cUlWjr  muarle:  IS,  choroid  Maaan;  IS,  mflrMtcmal,  and  14. 
mlUUnx  fibre*  of  ciliary  lnnnclc;  16,  ring-maw  ir  or  angular  liuii'Uai  of 

Ciliary  niuactc.    (N-hwalW.) 

Kruch),  which   is  cither  structureless  or  finely  fibri Hated.     (Fig. 
566,  1.) 

Tlie  choroid  coat  ends  in  front  in  what  are  called  the  ciliary 
processes  (figs.  567,  568).  These  consist  of  from  70  to  80  meridion- 
ally  arranged  radiating  plaits,  whieh  consist  of  blood-vessels,  fibrous 
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connectivo  tissue,  and  pigment   corpuscles, 
continuation   of   the  membrane   a 

mate  abruptly  at  the  margin  of 
the  Laos,    The  ciliary  m  I   14, 

ami  15,  fig.  567),  takes  oi  the 

«  utneo-Bcleral  junction.     It  is  a 
of  muscle,  3  mm.  broad  and  8 
thick,  made  up  of  Bfane  runnii: 
three     directions.       (a)    Meridional 
iilires  near  the  sclerotic  and  passing 

ilie  ehonil  ,  <  )  radial  fibres  in- 
serted into  the  choroid  behind  die 
ciliary  processes;  and  (*-)  circular 
fibres  (muscle  of  Miiller),  more  in- 
ternal ;  they  constitute  a  sphincter. 

The  Iris  is  a  continuation  of  the 
choroid  inwards  beyond  the  ciliary 
processes.       It     is    a    fibro-muscular 

membrane  perforated   by  a   central 
apart  un  piL 

1  'i .steriorly  is  a  layer  of  pigment  cells  (uvea),  which  is  a  can- 
tinuation  forwards  of  the  pigment  layer  of  the  retina.  The  strootare 
of  the  iris  proper  is  made  of  connective  tissue  in  front  n  itli  aoi  [niscles 
which  may  or  may  not  be  pigmented,  and  behind  of  similar  tissue 
supporting  Mood  -  vessels.  The  pigment  cells  arc  usually  well 
developed  here,  aa  are  also  many  nervc-tibres  radiating  towards 
the  pupil.     Sui    >      i  !      pupil  is  a  layer  of  circular  unstriped 

muscle,  the  aphinrter  pupilla:.  In  some  animals  there  are  also 
mum  l'-libres  which  radiate  from  the  sphincter  in  the  substance 
of  the  iris  forming  the  dilator  pupilla.  The  iris  is  covered 
anteriorly  by  a  layer  of  epithelium  continued  upon  it  from  the 
posterior  surface  of   the  cornea. 

The  Lens  is  situated  behind  the  iris,  being  enclosed  in  a  distinct 
capsule,  the  posterior  layer  of  which  is  not  so  thick  as  the  anterior. 
It  is  supported  in  place  by  the  suspensory  ligament,  fused  to 
the  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
derived  from  the  hyaloid  membrane,  which  encloses  the  vitreous 
hum-mr. 

The  lens  is  made  up  of  a  series  of  concentric  laminte  (fig.  569). 
which,  when  it.  lias  been  hardened,  can  be  peeled  off  like  the  coats  of 
an  onion.  Tho  lamina  consist  of  long  ribbon  -shaped  fibres,  which  in 
the  course  of  development  have  originated  from  cells. 

The  fibres  near  the  margin  have  nuclei  and  are  smooth,  those 
near  the  centre  are  without  nuclei  and  have  serrated  edges.  They 
are  hexagonal  in  transverse  section.     The  fibres  are  united  together 
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by  a  scanty  amount   of  cement  substance.     The   central   portion 
(nucleus)  of  the  lens  is  the  hardest. 

Tin'  epithelium  sA  the  lens  consists  of  a  layer  of  cubical  cells 
anteriorly,  which  merge  at  the  equator  into 
the  brea     The  development  of  the 

explain!  nsition.     The  lens  at 

first  consists  of  a  closed  sac  composed  of 
:le  layer  of  epithelium.  The  cells  of 
the  posterior  part  soon  elongate  forwards 
.in. I  obliterate  the  cavity;  the  anterior  cells 
do  not  grow,  but  at  the  edge  they  become 
continuous  with  the  posterior  cells,  which 

>    fibre*    (fig. 
Tlie  principal  chemical  vonsth 
•  lens  is  a  proteid  of  the  globulin  i 
called  crystallin. 

Cornco-srltral  junction. — At  this  jivw  I 
the  relation  of  parts  (fig.  567)  is  BO  important 
OS  I"  need  ;i  slnut  deurnpl  inn.     In  this  nei-ih- 

boTurhoodj  the  iris  and  ciliary  pro©  in  with  the  cornea,    The 

proper  substance  <>f   the  comes   and   Doe  posterior  slastki  lamina 
become  oontSnnouB  with  the  iris,  t  f  the  h-i*.  and  the  irii 

elastic  lamina,  forra- 

? 


Y\a.  MJB.— laminated  ilnic-tuw.'f 
tbacryatallJnalana.  The  lamina 
ar»  aptlt  UJi  aJWr  hAfletilri,;  In 
alcohol.  1,  Tho  ■  !  wiser 
•rt  or  nucleus ;  J.  the  muoca- 
%\it  ovt/rnal  layers,     f . 

(Ar 


Fio.  MTO.— Meridional  section  through  tha  lens  of  a  rabbdt    1,  l*tm  capsule  J  :',  rr-ltneltum  of  1b 
S,  tranailiuu  of  tha  epillieliuin  into  the  librae ;  *,  lens  fibres.     ( - 


ing  the  ligamentum  pedinaiuin  as  join  with  fibrea  of 

the  elastic  lamina.  The  epithelial  covering  of  the  posterior  surface 
of  the  cornea  is,  as  we  have  seen,  continuous  over  the  front  of  the 
iris.  At  the  iridic  angle,  the  compact  inner  substance  of  the  cornea 
is  looser,  and  betwe.-r  the  bundles  are  Lymph  spaces  called  the  spares 
at  FlmtantL    They  are  little  developed  in  the  human  cornea. 

The  spaces  which  are  present  in  the  broken-op  bundles  of  corneal 
tissue  at  the  angle  of  the  iris  are  continuous  with  the  larger 
lymphatic  space  of  the  anterior  chamber.  Above  the  angle  at  the 
corneo-scleral  junction  is  a  canal,  which  is  called  the  canal  of 
Schlemm.     It  is  a  lymphatic  channel 

The  retina  (tig.  571)  apparently  ends  in  front,  near  the  outer 
part  of  the  ciliary  processes,  in  a   finely-notched  edge, — the  ora 
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sermta,  but  is  really  represented  by  the  uvea  to  the  very  margin 
of  the  pupil.  The  nerve-cells  in  the  retina  rein  in- 1  111  that  the  optic, 
like  the  olfactory  nerve,  is  not 
a  mere  nerve,  but  an  outgrowth 
of  the  brain. 

In  the  centre  of  the  n 
is  a  round  yellowish  elevated 
spot,  about  ,'«  of  an  inch  (1  mm.) 
in  diameter,  having  a  depression 
in  the  centre,  called  after  its 
discoverer  the  macula  lutea  or 
yellow  spot  of  Soemmering.  The 
depression  in  its  centre  is  called 
the  fovea  centralis.  About  t\  of 
mi  inch  (25  mm.)  to  the  inner 
side  of  the  yellow  spot,  is 
point  (optic  disc  or  white  spot)  at 
which  the  optic  nerve  leaves  t.ln- 
eyeball.     The  optic 

1 1  ifl  axons  of  the  nerve-cell- 
of  the  retina;  the  dendroid 
these  cells  ultimately  communi- 
cate with  the  visual  nerve- 
thelium  (rods  and  cones). 

The  optic  nerve  passes  back- 
wards to  the  ventral  surface 
the  cerebrum  enclosed  in  pro- 
longations of  the  membranes, 
which  cover  the  brain.  This  ex- 
ternal sheath  at  the  exit  oJ  the 
nerve  from  the  eyeball  becomes 
continuous  with  the  sclerotic, 
which  at  this  part  is  perforated 
by  holes  to  allow  of  the  pi.  -.im- 
perforated   part   being    the  lamina 

becomes  incomplete,  and  the  subarachnoid  and  the  superarachnoid 
spaces  become  continuous.  The  pia  mater  sends  in  processes  into 
the  nerve  to  support  the  fibres.  The  fibres  of  the  nerve  themselves 
are  exceedingly  fine,  and  are  surrounded  by  the  myelin  sheath,  but 
do  not  possess  the  ordinary  external  nerve  sheath.  In  the  retina 
itself  they  have  no  myelin  sheaths.  In  the  centre  of  the.  nerve  is  a 
small  artery,  the  artcria  centralis  rotintz.  Tin-  number  of  fibres  in 
the  optic  nerve  is  said  to  be  upwards  of  500,000. 

The  retina  consists  of  certain  elements  arranged  in  ten  layers 
from  within  outwards  (figs.  571,  572,  573). 


i  -A  mrtkm  til  thr  retina,  ctuiruM,  ami  part 
of     th»    »•  I.  iteraUt)'     mafc-nlOe-l  ;     *, 

Merabrana  Uniiuum  Interna ;  h,  ncrra- Obi*  layer 
travenwil  bv  Miiltrr'n  *ii«t*iitacular  lllirea;  t, 
ganglion  evil  law ;  <<,  Intercal  molecular  layer ; 
i,  biWroal  unclear  layer:  /,  •  xtemal  molecular 
'»>"»;  9,  •xUrua)  nuclear  layer;  ft,  nwmbrana 
llrniuiu  externa,  running  aluii*  ttio  lower  part 
t-f  i.  tha  layer  of  ro<1*  and  foa'i;  l.  |>lKUiwit 
cell  layer ;  I.  e».  Internal  an- 1  external  t secular 
portioni  of  Ui*  choroid,  tbe,  nrst  containing 
iiariea.  the  aeomd  larger  btood-rewcli.  eat 
In  InoaverM  aection  ;  «,  eclaroUc.    (W.  Pye.) 

the   optic   nerve-fibres,   the 
cribro&a.      The  pia  mater  here 
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1.  Membrana  limiians  w  This  Bo-called  membrane  in  oon- 

i  with  the  vitreous  humour  is  fanned  DJ  the  junction  laterally  of 

the  bases  of  the  sustentacular  or  sup- 
porting fibres  of  Mvllcr,  winch  bear  the 
same  relation  to  the  retina  as  the 
neuroglia    do  •    brain.      The 

rim  nay   lie 

in    I 

2.  Opt i  ''res. — This  layer  is 
of  very  varying  thickness  in  different 
parte  Of  the  retina  •  data  of  non- 
medullated  tibres  which  interlace,  and 
most  of  wl  i  1  ii-  the  axons  of  the 
large    nerve-cells     fanning     the    next 

i.  The  til  ires  are  BU] 
sustentacular  fibres.  They  are  less  ami 
less  numerous  anteriorly,  and  end  at 
the  ora  serruta.  They  all  converge 
raids  the  optic  duo,  where  they 
leave   the   retina  as   the  optic  nerve. 

3.  Layer  of  tjanijl<<<n  ■,■!!* — This  con- 
sists of  large  multipolar  nerre-cellAtriti] 

od  rosnd  nuclei,  taming  either 
a  single  layer,  or  in  some  parts  of  the 
retina,  especially  Dear  the  macula  lutea, 
where  I  I    ry  thick,  it  eon- 

is  of  several  strata  of  nerve  cells. 
Thr\  are  arranged  with  their  single  axis-cylinder  processes  inwards. 
These  pass  Into  and  era  eontinnons  with  the  layer  of  optic  nerve- 
fibres.  Externally  the  cells  send  off  several  branched  processes 
whieh  pass  into  the  next  layer. 

4.  Inner   molecular   layer. — This    presents    a    finely   granulated 
appearance.    It  consists  oi  neuroglia  trs  by  numerous  fibrillar 
processes         bbe  nerve-cells  just  described,  ami  the  minute  hi.;  iofc 
ings  of  the  processes  of  the  bipolar  cells  of  the  next  layer. 

5.  Inn'  -layer. — This  consists  chiefly  of  numerous  small 
round  cells,  each  with  a  very  small  quantity  of  protoplasm  surround- 
ing a  large  ovoid  nucleus;  they  are  generally  bipolar,  giving  off  one 
process  outwards  and  another  inwards.  One  process  passes  inwards 
to  form  a  synapso  with  the  arborisation  of  a  ganglion  cell,  the  other 
outwards  to  similarly  arborise  with  the  branchings  of  the  rod  and 
cone  fibres.  Some  cells,  called  spongioblasts,  or  amacrine  cells,  how- 
ever, only  send  off  one  process,  which  passes  inwards  (fig.  572). 
The  large  oval  nuclei  (tig.  572)  belonging  to  the  Mullerian  fibres 
occur  in  this  layer. 


.  .  — MftgTMl  •ll'j*  iJIR  111' 

Uculir  fibre*  of  Ui*  retina;  /.  tlbcs- 
l».k*(   »bf.v»    ilia   asternal    ; 
nciubrui*;   m,  nueleu*  of  tho  ftbre; 
r,  bunnf  thn  nhre. 

H'KwIrk-k.  mft*. 
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6.  Outer  molecular  layer. — This  layer  closely  resembles  the  : 
molecular  layer,  but  is  much  thinner.     It  contains  the  branchings  of 
the  rot!  and  cone  fibres  on  the 
one:    fund    ami    of    the    bipolar 
cells  cm  tin-  other. 

7.  External  nuclear  layer. — 
This  layer  consists  of  small  cells 
resembling  at  first  right  those 
of  the  internal  nuclear  layer; 
they  are  classed  as  rod  and  cone 
granules,  according  as  they  arc 
connected  with  the  rods  end 
cones  respectively,  sad  will  bo 
described  with  them.  They  ABB 
lodged  in  the  meshes  of  a  frame- 
work, which  is  formed  by  the 
breaking  up  of  the  Mull 
fibres. 

S  .M'Hihranalimitans externa. 
— This  is  a  well-defined  mem- 
brane, marking  the  internal 
limit  of  the  rod  and  cone  layer, 
and  made  up  of  the  junction 
of  the  8ustentacular  fibres  ex- 
ternally. 

'J.  Layer  of  rods  and  cones. — 
This  layer  is  the  nerve-epithe- 
lium of  the  retina.  It  consists 
of  two  kinds  of  cells,  rods  uml 
cones,  which  are  arranged  at 
right  angles  to  the  external  limit- 
ing membrane,  and  supported  by 

ke  processes  {basket)  proceeding  from  the  latter   for  a   short 
distance  (fig.  572)l 

K.u  li  rod  (fig,  573)  is  made  up  of  two  parts,  very  different  fa 
structure,  called  the  outer  and  inner  limbs.  The  outer  limb  of  the 
roils  is  about  30/*  long  and  2/*  broad,  is  transparent,  and  doubly 
refracting.  It  is  said  to  be  made  up  of  fine  superimposed  discs. 
it  stains  brown  with  osmic  acid  but  not  with  hseinatoxylin,  and 
resembles  in  some  ways  the  myelin  sheath  of  a  inedullated  nerve. 
It  is  the  part  of  the  rod  in  winch  the  pigment  called  visual pvrpU  is 
i>  in  1  In  some  animals,  a  few  rods  have  a  greenish  pigment  instead. 
The  inner  limb  is  about  as  long  but  slightly  broader  than  the  outer, 
is  longitudinally  striated  at  its  outer  and  granular  at  its  inner  part. 
It  stains  with  hematoxylin,  but  not  with  osmic  acid.     Each  rod  is 


.  :i—  liU/r»m  ikottthgtlM  Mnrwi  n.  i 

r-nbntof  flMKtttonccI);  2,  pro- 
r«-A4«*  of  ganfilloo  mil  fnlng  outward  i :  ft,  n*rv*> 

■ 
i»)r»r;  *.  proonut  of  ganglion  call  townnl*  bipolar 
mil;    &,   arbnrtaal  "•  fmm  nxli  ami 

MUM  wltb  Ui«  biaiitli*a  uf  UfioUr  c-!i«. 

(Prom  M'Kwidrlck,  afur  Strthr.) 
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connected  internally  with  a  rod  fibre,  very  fine,  but  here  and  there 
varicose;  in  the  middle  of  the  fibre  is  a  rod  granule,  really  the 
nucleus  of  the  rod,  striped  broadly  transversely,  and  situated  about 
the  middle  of  the  externa]  nuclear  layer;  the  internal  end  of  the 
rod  fibre  terminate*  In  branchings  in  the  outer  molecular  layer. 
Each  cone  (fig.  573),  like  the  rods,  is  made  up  of  two  limbs, 

outer  and  inner.  The  outer 
limb  is  tapering  and  not 
cylindrical  like  the  corre- 
sponding part  of   the  rod, 


Fw.  &74.— Th»  posterior  half  oi  Hi*  wUn*  ol 
lh«  left  nyn,  VTownd  from  bnfnrti ;    •,  1 1  • 
BdRj-  i|il ;  -, 

tli«  miiui;    in  x,\\<\  interior  »t  thr 
m*niU  lute*  with  Ui»>  d»prr  fovea 

.'■  i  all*  ih  r»|irM>pnti~ I  .il  itudt; 

tciwaH*  •.:  I  im  lltrtit  apot  UMleiux 

Iba  i  ai  1  bi  ••■it  nw 

yptlc  nerve,  from  thareiitni  oft/Moll  ibe 


anuria  renrralii  l«  ••'wn  «prea<ili)x  iu  branche 

ipjoj  by 
the  maouU  ci>mp»i»tlvfl)i  free.   (After  Heiile.) 


Fio.  676.— PIpnent'MlU  froen  thereUm. 
a,  Cell*  »till  cohering,  ma  M  Ehetl 
aurtacA:  'i.  nni-l»ii»  ImlHtinctljr  Hen. 

thai  aalla  the  nuclaaa  la  con- 

rr»lrtl  by  thn  pigment  irnnnlis.  n, 
Two  call*  aaaa  in  profUa ;  a,  the  ouUir 
or  po«t)'rl»r  part  wjnUinlnp  jtcarccJy 
anjr  jiifnmiil.      K  nil).    (In-nle.) 


and  about  one-third  only 
of  its  length.  There  is, 
moreover,  no  visual  purple 
found  in  the  cones.  The 
Inner  limb  of  the  cono  is 
broader  in  the  centre.  It  is  protoplasmic,  and  under  the  influence 
of  light  has  been  seen  to  execute  movements.  In  birds,  reptiles 
and  amphibia,  there  is  often  a  coloured  oil  globule  present  here. 
Each  cone  is  in  connection  by  its  internal  end  with  a  cone  fibre, 
which  has  much  the  same  structure  as  the  rod  fibre,  but  is  much 
stouter  and  has  its  nucleus  (cone  granule)  quite  near  to  the  ex- 
ternal limiting  membrane.  Its  inner  end  terminatr.s  by  branchings 
in  the  external  molecular  layer. 

In   the  rod   and   cone  layer  of  birds,  the  cones   usually  pre- 
dominate largely  in  number,  whereas  in  man  the  rods  are  by  far 
lore  numerous,   except  in   the  fovea   centralis,   where   cones 
onlv   arc    present.    The  number  of  cones  has   been  estimated  at 
3,000,000. 

10.  Pigment—  J!  Inm;r  consists  of  a  single  laym-  of  polygonal  oeUfl, 
mostly  six-sided,  which  send  down  a  beard-like  fringe  to  surround 
the  outer  ends   of  the  rods.     Tt  is  this  layer  which  is  continuous 
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with    tin;   uvea,  where,  however,  the  cells  become  rounded,  and 
arranged  two  or  three  deep. 

Differences  in  Structure  of  different  parts. — Towards  the  centre 
of  the  macula  lutca  all  the  layers  of  the  retina  become  greatly 
thinned  out  and  almost  disappear,  except  the  rod  and  cone  layer, 
and  at  the  fovea  centralis  the  rods  disappear,  and  the  cones  are  long 
and  narrow.  At  the  margin  of  the  fovea  the  layers  increase  in 
thickness,  and  in  the  rest  of  the  macula  lutM  BW  to ii -ker  than  else- 
where. The  ganglionic  layer  is  ttpeaially  thickened,  the  cells  being 
six  to  eight  deep  (2,  fig.  576).     The  bipolar  inner  granules  (cone 


m.l.t--  • 


■  rr 


•**r/« 


Flo.  &T&— Diagram  of  •  taction  through  half  the  tore*  centralis.  J,  Ganglionic  layer ;  *,  Inner  nuclear; 
0,  outer  BurJmr  Uyer.  the  euna  llbrea  funnloi  the  ao-called  irttrntd  tbroui  later ;  7,  cuooa;  ».!.»., 
menibrana  limltan*  externa;  «.(.«.,  nambnuia  Hmltann  Interna.    (Schalhr  and  Gold  lug  Bl 

nuclei)  are  obliquely  disposed  (figs.  570  and  577)  an  the  eourse  of 
the  cone  fibres,  and  are  situated  at  some  distance  from  the  membrana 


:< 


Via.  .'i77.—  Krhnmi:  of  the  rrUnal  element*.     A,  Conn  of  the)  forra  rruiralla:    II.  granule*  ( tin.-  ■-! >    .f 
theac  cones;  C,  «ynapw  roncwand  bipolar  «»■  In  external  molecular  la) er;  L»,  i>j  apee 

between  ihf  bipolar  and  ganglion  eella  In  the  Internal  molecular  layer;  a  and  ft.  p«I»  and  mora  in 
other  regjui*  of  the  retina ;  e,  bipolar  ©all  destined  for  th»  mora ;  .V,  bipolar  cell  destined  tor  the 
rods;  R,  r,  ganglion  oelb:  /,  »ponik>bla»l ;  g,  efferent  nl^C  trophic).  uriirlriBtioK  (rum  the  eel!  m. 
In  genicaUU  boHy ;  A,  rminal  arboiiMU<jii«  of  optic  nerve-fibres  In  pnlflilite. 

body;  },  nbrea  from  the  I  ilato  body  on  the  way  to  cerebral  cortex.    (IC  y  C«J*1.) 

lim-itans  externa,  which  is  OUppdd  tOw*Udfl  the  fovea  (fig.  576).     The 
yellow  tint  of  the  macula  is  due  to  a  diffuse  ootoorisg  mattflU  in  tbe 

inter.stit Mi  of  the  four  or  five  inner  layers;  it  is  absent  at  the  centre 
of  the  fovea. 
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It  ia  important  I"  notice  what  is  clearly  brought   nil,  in  tig.  E 
that  at  the  fovea,  each  cone   is  connected   to  a  separu  in   of 

neurons,  when/as  in  other  regions  the  mils  and  cones  are  connected 

roups  to  these  chains;  this  explains  the  greater  sensitiveness  of 
foveal  vir-i   i 

At  the  ora  scrrata  the  layers  aro  not  perfect,  and  disappear  in 
this  order:    nerve-fibres  and  ganglion  cr-lls,  then   the  roi 
only  the  inner  limits  of  the  cones,  next  these  cease,  then  tin*  outer 
molecular  layer,  the  inner  and  outer  nuclear  layers  coalescing,  and 
finally  tin.'  inner  molecular  layer  also  is  unrepresented. 

At   the  pan-riliaris  retina;,  the   retina  consists  of  a  layer   of 

columnar  cells,  which  probably  represent  the  Miillad&fl  fibres.     These 

He  externally  are  in  contact  with  the  |  layer  of  the  retina, 

which  is  co;  over  the  eili.uy  j.iticesses  and  hack  of  the  iris. 

Nervous  structures  are  absent. 

At  the  exit  of  the  optic  nerve  the  only  structures  present  are 
nerve-fibres. 

The  anterior  chamber  is  the  space  behind  the  cornea  and  in  front 
of  the  iris.     It  is  filled  with  aqueous  humour  (dilute  lymph). 

The  vitreous  humour,  which   i>.  .    j'lU   lil  i  tivo  tissue  (see 

I  4<S),  is  situated  behind  the  THstalline  lens.  It  is  enclosed  in  a 
membrane  called  membrana  hyaloidea,  which  in  front  is  continuous 
with  the  capsule  of  the  lens ;  round  the  edge  of  the  lens  the  canal 
left  is  called  the  Canal  of  Petit  (fig.  561,  p.  765),  the  membrane  itself 
being  the  Zonule  of  Zinn.     The   hyaloid   membrane  separates  the 

K>H1  from  the  retina. 

Blood-v«$t*U  of  the  EyfbuV.  The  eye  is  very  richly  supplied  with  blood- 
rettcls.  In  addition  to  the-  conjunctival  rOJSofal  which  ;irc  derived  from  U»c  palpe- 
bral and  lacrimal  arteries,  there  arc  at  least  two  other  distinct  sets  of  vessels 
supplying  the  tunics  of  the  eyeball 

(1)  These  arc  the  short  an«l  long  poifcrior  ciliurj  BlterlM  winch  place  I  In: 
sclerotic  in  the  posterior  half  of  the  eyeball,  and  the  anterior  ciliary  which  cnlcr 
near  the  insertions  of  the  n-Hi.  These  vessels  anastomose  and  form  a  rich  choroidal 
plexus;  they  also  BDDpty  Ihc  life  ami  iiluiry  pTOCCMet,  f i hiuiiilt  a  highly  vascular 
■  irclc  round  the  Ottbtt  Rttlgta  Of  the  iris  and  acfioJlling  portion  of  the  sclerotic.  The 
distinctness  oflhc.se  ressels  from  those  of  the  conjunctiva  is  well  aecn  in  the 
difference  between  the  bright  red  of  blood-shot  eyes  (<  iion). 
and   the  pink   /.otic  surrounding  I  lie   OOmct  which   indicates  decp-seated  ciliary 

congestion. 

(2)  Tlie  rxlinal  Mtwtl  I)  arc  derived  I'mtn  the  nrtrrin  rent  rah* 
rtti$Ut,  "  !i nil  enters  tlie  eyeball  alonir  tin  oentfe  of  the  optic  nerve.  They  rum  1 1  \ 
all  over  llu*  retina,   tfl   [hi   inmr   l.ucrs.      Tliey  can  bo  wen    In    ophthalmoscopic 

Ion. 


The  Eye  as  an  Optical  Instrument. 

In  a  photographic  camera  in   ■  external  objects  are  thrown 

upon  n  screen  at  the  back  of  a  box,  the  interior  of  which  is  painted 
black.     In  the  eye,  the  camera  is  represented  by  the  eyeball  with  its 
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black  pigment,  the  screen  by  the  layer  of  rods  and  cones  of  the  retina, 
and  the  lena  by  the  refracting  media.  In  the  case  of  the  camera, 
the  screen  is  en  receive  clear  images  of  objects  at  differ' 

distances,  by  an  apparatus  for  focussing.  The  corresponding  con- 
trivance in  the  eye  is  called  accommodation. 

The  iria,  which  allows  more  or  leas  light  to  pass  into  the  eye, 
corresponds  with  the  diaphragms  used  in  the  photographic  apparatus. 

The  refractive  media  are  the  cornea,  aqueous  humour,  crystalline 
lena,  and  vitreous  humour.  The  most  refraction  or  bending  of  the 
rays  of  light  occurs  where  they  pass  from  the  air  into  the  cornea ;  they 
are  again  bent  slightly  in  passing  through  the  lens.  Alterations  in 
the  anterior  curvature  of  the  lens  lead  to  accommodation. 

We  may  first  consider  the  refraction  through  a  transparent 
spherical  surface,  separating  two  media  of  different  density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicu- 
larly do  not  suffer  refraction,  but  pass  through,  cutting  the  optic 
axis  (0  A,  fig.  578),  a  line  which  passes  exactly  through  the  centre 


-Digram  at  a  •imple  optical  cyatom  (»n«r  H.  Footer).    TUe  carrel  surface,  t.  d,  Is  aaproaai! 
to  afiparata  a  teas  Kfrac  i  raure  refracllv*  milium  lowanla  tkn 


of  the  surface,  at  a  certain  point,  the  nodal  point  (fig.  578,  N),  or 

centre  of  curvature.     Any  rays  frhiofa  do  not  so  strike  the  curved 

surface  are  refracted  towards  the  optic  axis.     Rays  which  impinge 

upon  the  spherical  surface  parallel  to  the  optic  axis,  will  meet  at  a 

point  behind,  upon  the  said  axis  winch  is  called  the  chief  posterior 

focus  (tig.  578,  F,);  and  again  there  is  a  point  on  the  optic  axis  in 

front  of  the  surface,  rays  of  light  from  which  BO  Strike  t In*  surface 

that  they  are  refracted  in  a  line  parallel  with  the  axis  d  f'\  this 

point  (Bg.  578j  V)  is  called   the  rhirf  anterior  focvs.     The  optic  axis 

i  lie  surface  at  what  is  called  the  principal  point. 

It  is  quite  obvious  that    ih<    » rye  is  ■  much  more  sated 

optical  apparatus  than  the  one  described  in   fchfl  t>>w- 

ever,  possible  to  reduce  the  refractive  surfaces  ai:  Lo  a  simpler 

form    when     the    refractive   iudices    of    the    different    media    and 
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suggested  by  Listing  as  Ihs  reduted  eye,  has  the  following  dimen- 
sions : — 

From  Anterior  surface  of  come*  to  the  principal  point  2*3'HS  rain. 

From  the  nodal  noint  to  the  posterior  surface  of  lens  =       "4764    „ 

Posterior  rhief  focus  lies  lie  hind  comeo        .  .  =  22*8237    .. 

Anterior  chief  focus  in  front  of  cornea  .  =  12*832o    „ 

Radius  of  curvature  of  ideal  surface  .  =  5*1243    .» 

The  term  index  of  refraction  means  the  ratio  of  the  sine  of 
angle  of  faffldftlMfl  to  that  of  tho  angle  of  refraction;  this  is  explained 
in  the  small  text  beneath  fig.  579. 

Tii  this  reduced  or  simplified  eye,  the  principal  posterior  focus, 
28  linn,  behind  tho  spherical  surface,  would  correspond  bo 
position  of  the  retina  behind  the  anterior  surface  of  the  cornea.     The 
refracting  surface  would  be  situated   about  midway  between   the 
posterior  surface  of  the  cornea  and  the  anterior  surface  of  the 

The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centres  of 
curvature  of  the  cornea  and  lens,  prolonged  backwards  to  touch  the 
between  tl  >pticus  and  fovea  centralis,  and  this  differs 

from  the  visual  axis  which  passes  through  the  nodal  point  of  the 
reduced  eye  to  tho  fovea  centralis;  this  forms  an  angle  of  5  with 
the  optical  axis.  But  for  practical  purpos&s  the  optical  axis  and  the 
visual  axis  may  be  considered  to  be  identical. 

The  visual  or  optical  angle  (fig.  580)  is  included  between  the  lines 
drawn  from  the  borders  of  any  object  to  the  nodal  point;  if  the 
lines  are  prolonged  back  wards  they  include  an  equal  angle.  It  has 
beeu  shown  by  Ilelmholtz  that  the 
smallest  angular  distance  between 
fewo  points  which  can  be  appreci- 
ated as  two  distinct  points  =  50 
seconds,  the  size  of  the  retinal 
image  being  3*65^;  this  is  a  little 
more  than  the  diameter  of  a 
at  the  fovea  centralis  which  =  3,u, 
the  distance  between  the  centres  of 
two  adjacent  cones  being  =  4//.  If  the  two  points  are  so  close 
together  that  they  subtend  a  visual  angle  less  than  50  seconds,  both 
images  will  fall  upon  one  cone,  and  the  two  points  will  then-fun- 
appear  as  one. 

Any  object,  for  example,  the  arrow  A  B  (fig.  581),  may  be  con- 
sidered as  a  series  of  points  from  each  of  which  a  pencil  of  light 
diverasfl  to  the  eye.  Take,  for  instance,  the  rays  diverging  from  the 
tip  of  the  arrow  A ;  C  0  represents  the  curvature  of  the  schematic 
or  reduced  eye;  the  ray  which  passes  through  the  centre  of  the  circle 
of  which  CCU  part  is  not  refracted;  this  point  is  represented  as 
an  asterisk  in  fig.  581 ;  it  is  near  the  posterior  surface  of  the  orystal- 


Khi.  i80.— lX»gr»m  of  lha  optical  angk. 
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line  lens;  the  ray  A  C.  which  is  parallel  to  the  optic  axis  0  O'.  is 
refracted  through  the  principal  posterior  focus  P,  and  cuts  the  first 
ray  at  the  point  A'  on  the  retina.  All  the  other  rays  from  A  meet 
at  the  same  point.  Similarly  the  other  end  of  the  arrow  B  is  focussed 
at  B\  and  rays  from  all  other  points  have  corresponding  focusses. 
It  will  thus  bo  seen  that  an  inverted  imago  of  external  objects  is 


Pin.  Ml.—  Dlsgnun  of  Urn  ojursa  of  lb«  r«y»  iw  *u  im.«*  b  f.mnH  upm  the  retina. 

The  inrfscc  V  C  *liould  t»  suj>i»j*w1  to  nsprwaut  ibt  lUatl  curvature. 

formed  on  the  retina.     The  retina  is  a  curved  screen,  but  the  images 
fall  only  on  a  small  area  of  the  retina  under  normal  circumstances; 
,  for  practical  purposes,  this  small  area  may  be  regarded  as  flat. 
The  questi'  :  Why  is  it  that  objects  do  not  appear  to 

us  to  be  upside  down  ?  This  is  easily  m.'  krstood  when  we  renn 
that  the  demotion  of  sight  occurs  not  in  the  eye,  but  in  the  brain. 
By  education  the  brain  learns  that  the  tops  of  objects  excite  certain 
portions  of  the  retina,  and  the  lower  parts  of  objects  other  portions 
of  the  retina.  That  these  portions  of  the  retina  are  reversed  in 
position  to  the  parts  of  the  object  does  not  matter  at  all,  any  more 
limn  it  matters  when  one's  photograph  tnivei  home  from  the 
photographer's  that  it  was  wrong  way  up  in  the  photographer's 
camera— one  puts  it  right  way  up  in  the  photograph  album. 


Accommodation 

The  power  of  accommodation  is  primarily  due  to  an  ability  to 
vary  the  shape  of  the  lens ;  its  front  surface  becomes  more  or  less 
convex,  according  as  the  distance  of  the  object  looked  at  is  near  or 
far.  The  nearer  the  object,  the  more  convex,  up  to  a  certain  limit, 
the  front  surface  of  the  lens  becomes,  and  vie*  versd;  the  back 
surface  takes  no  share  in  the  production  of  the  effect  required.  The 
posterior  surface,  which  during  rest  is  more  convex  than  the  anterior, 
is  thus  rendered  the  less  convex  of  the  two  during  accommodation. 
The  following  simple  experiment  illustrates  this  point:  If  a  lighted 
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Dandle  be  held  ■  little  to  one  side  of  a  person's  eye  an  observer 
i  the  eye  from  the  other  side  sees  three  images  of  the  flame 
(fig.  582)     The  first  and  brightest  is  (1)  a  small  erect  image  formed 
by  the  anteri<  x  surface  of  the  cornea;  the  second  (2)  is  also 

erect,  but  larger  and  less  distinct  than  the  preceding,  and  is  formed 
at  the  ant' n  a  surface  of  the  lens;  the  thud  (3)  is  smaller, 

Inverted,  and  indistinct;  it  is  formed  at 
the  posterior  surface  of  the  lens,  winch  is 
concave    forw  1    therefore,   li'-. 

concave  min  s  an  in  mage. 

If  now  the  eye  under  observation  is  made 
to  look  at  a  near  object,  the  second  image 
becomes  smaller,  clearer,  and  approaches 
Brat  If  the  eye  is  now  adjusted  for 
a  far  point,  the  second  image  enlarges  again, 
becomes  less  distinct,  and  recedes  frum  the 
first.  In  both  eases  the  first  ami  thmi 
images  remain  unaltered  in  size,  distinct- 
ness, and  position.  This  proves  that  during 
accommodation  for  near  objects  the  curva- 

f  the  posterior  turf  we  of  the  lens,  remain 
unaltered,  while  the  anterior  surface  of  the  lens  becomes  man 
convex  and  approaches  the  cornea. 

The  experiment  is  more  talking  when  two  bright  images  (repre- 
sented by  arrows  in  fig,  583)  arc  used  ;  the  two  images  from  the  front 


ki     ■■■       r  una  ,  i  -hi'.'  Urn 
ra1«ctfei» of»  rtodl*.    J .  riwn 

-l.r    »..:.  -i,r    .Jlf.i-  •  f  •  MM! 

I,  m*n  the  anterior  nitei  of 
If  m  ;  ».  from  Ui«  F*rt*rior  «nr- 


Fi-  .  583.—  DUicruu  ■>(  Sanson'*.  Uuw.     \.  «»*■»  Um  rjr*  am  nr.i,  *kd  H,  »lien  Ittey  axe  focuased  for 
nrar  object*.     Ts»  li*.  to  tint  right  In  A  and  B  It  Uit  Inrertad  lma«a  fro™  Ui«  poatorior  aurftca  i.f 
irm. 


surface  of  the  lens  during  accommodation  not  only  approach  those 
from  the  cornea,  but  also  approach  one  another,  and  become  some- 
what smaller.  (Sajuon's  Images).  Helmholtz's  Phakoscope  (fig.  584) 
is  a  triangular  box  with  arrangements  for  demonstrating  this 
experiment. 

Mechanism  of  Aevommodation. — The    lens    having  no  inherent 
power  of  contraction,  its  changes  of  outline  must  be  produced  by 
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some  power  from  without;  this  power  is  supplied  by  the  cili;irv 
muscle.  Its  action  is  to  draw  forwards  the  choroid,  and  by  so 
doing  to  slacken   the   tension    il    the  suspensory  ligament   of    the 


.  II     ■  ...  U  eon* 

i  ii  ntod  willi.  -itiii-li  i-.  Iiv..  in  tlin  ttitnl 

uii^l"  ur  tlia  hiix  nppniilM  to  UN  "lali.'.i   C".     A  1%  lite  ajwrlutw  fur  llie  K  r.     Ttw 

■•bar i  I  bUftgta,  Nfl 

:  vi  in'!i  lli>-  •■> .'  i<  I.kctI  uiun  a  dlaUal  object ;  ll»o  (hmIUoh  of  lb*  Imau'w  having 
tuailr  to  fccos  a  nrar  uhjn't.  auch  M  a  read  DUkluvJ  up  at   i.',  tin-  ima 
frot"  il  *urfuee  of  tha  Iom  will  be  vbaervml  to  move  x.  de»crib"<i  in  ttt,,  Uxt.      • 


lens  which  arises  from  it.  The  anterior  surface  of  the  lens  is 
kept  flattened  hy  the  action  of  this  ligament  The  ciliary  muscle 
during  accommodation,  by  diminishing  its  tension,  diminishes  to 
a  proportional  degree  the  flattening  of  which  it  is  the  cause.  On 
diminution  or  cessation  of  the  action  of  the  ciliary  muscle,  the  lens 
returns  to  its  former  Bhape,  by  virtue  of  the  elasticity  of  the  suspen- 
sory ligament  (fig.  585).  From  this  it  will  appear  that  the  eye  is 
usually  focus8ed  for  distant  objects.  In  viewing  near  objects  the 
ciliary  muscle  contracts;  the  ciliary  muscle  relaxes  on  withdrawal 
of  the  attention  from  near  to  distant  objects. 

It  is  possible  to  calculate  the  curvature  of  the  k-ris  or  cornea  in  the  body,  by 
measuring  Ihe  site  of  the  intake  of  an  object  upon  it     The  radius  (r)  of  curvature 

tat 

nf  .1  convex  reflecting  surface  Is  given  hy  the  formula  r-~       ■  u  is  the  distance  of 

o 

the  object  from  the  surface,  h  the  din  meter  of  the  ima^c.  and  D  th.il  of  Uic  object, 
u  and  o  are  easily  measured ;  b  is  measured  by  llelinholtz's  optohatmowMUt,  the 

priiicmle  of  which  is  us  follows: — If  u  line  is  looked  at  through  a  plate  of  glass 
placet!  obliquely  between  it  and  the  eye.  the  line  is  shifted  sideways  to  cither  right 
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or  left;  if  the  ghuu  plute  is  then  placed  obliquely  at  right  angles  to  it-,  previous 
position,  the  line  is  shifted  iii  the  opposite  direction.  In  the  ophthalmometer  there 
arc  two  irlass  platen  intersecting  e.i  d  an  angle  i  tin    image  of  a  bright 

hiinrimtul  inn-  iijioii  the  lens  or  eornea  is  looked  al  through  the  junction  between 
the  two  pUtei  ;  one  plate  shifts  th<-  image  to  the  right,  the  other  to  the  left :  the 
angle  between  the  two  plute*  is  altered  until  the  line  appears  as  two  distinct  lines 
idling  each  other.  The  amount  of  shifting  of  each,  which  DMttt  therefore  be 
Imlf  the  length  <if  the  image  of  the  line,  can  bfl  <  ulatcd  if  the  thick  n. 

the  gla-s*  plate,  their  refractive  index,  and  the  angle  between  th-m  are  I. 
Double  this  n-snlt  gives  the  sue  of  the  image  on  the  surface  under  investigation. 

mg§  of  Distinti  Vision.  Near-point. — In  every  eye  then;  is  a 
limit  to  the  power  of  accommodation.  If  a  book  be  brought  nearer 
and  nearer  to  the  eye,  the  type  at  last  becomes  indistinct,  and  oannoi 
be   brought   into  focus   by  any  effort  of  accommodation,  however 


Via.  685.  — IHnjrun  rapfXttUnf  bjr  dutuU  iiow  ibe  tluniion  to  Ui«  ik*|»  erf  iha  loua  un  Kconmo- 
daUuo  for  near  oltfecU.    (a.  L*ndolt.) 


strong.  This,  which  is  termed  the  near-point,  can  be  determined  by 
the  follow  i  nt  (JkhtUWr).  ■  Two  small  haLefl  are  pricked  in 

a  card  with  a  pin  not  more  than  a  twelfth  of  an  inch  (2  mm.)  apart ; 
it.  any  rate  their  distant  from  6S0h  Other  most  DO)  exceed  the 
diameter  of  the  pupil.  The  card  is  held  close  in  front  of  the  eye, 
and  a  small  needle  viewed  through  the  pin-holes.  At  a  moderate 
distance  it  can  be  clearly  focussed,  but  when  brought  nearer,  beyond 
a  certain  point,  the  image  appears  double,  or  at  any  rate  blurred. 
This  point  where  tho  needle  ceases  to  appear  single  is  the  near-pi-int. 
Its  distance  from  tho  eye  can  of  course  be  readily  measured.     It  |i 

ly  about  5  or  6  inches  (13  cm.).  In  the  accompanying  E 
(fig.  686)  the  lens  b  represents  the  refractive  apparut us  of  the  eye; 
e and/  the  two  pin-holes  in  the  card,  Ml  the  retina;  a  represents  the 
position  of  the  needle.  When  the  needle  is  at  a  moderate  distance, 
the  two  pencils  of  light  coming  from  e  and/ are  focussed  at  a  single 
point  on  the  retina  nn.     If  the  d  i  brought  nearer  than  the 

near-point,  the  strongest  effort  of  accommodation  is  not  sufficient  tu 
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focus  the  two  pencils,  they  meet  at  a  poin  the  retina.     The 

effect  is  the  same  as  if  the  retina  were  shifted  forward  to  mm.     Two 
images  h.g.  are  formed,  one  from  each  hole.     It  is  interesting  to  note 


.   680.— Diagram  of  «*{«rlment  to  aaccrUhi  tb*  minimum  dUUr.ro  or  in. 

th.it,  when  two  images  are  produce*!,  the  lower  one  g  really  appears 
in  ilie  position  q,  while  the  upper  one  appears  in  the  position  p.  This 
may  be  readily  verified  by  covering  the  holes  in  succession. 

During  accommodation  two  other  changes  take  place  in  the  eyes : 
(1)  The  eyes  converge  owing  to  the  action  of  the  internal irectus  muscle 
ill.     (2)    The  jrupils  contract. 

Tho  contraction  of  all  of  tho  muscles  which  liave  to  do  with 
accommodation,  viz.,  of  tho  ciliary  muscle,  of  the  internal  recti 
muscles,  and  of  the  sphincter  pupilhc,  is  under  the  control  of  the 
third  nerve.  It  should  further  be  noted  that  although  the  act  is  a 
voluntary  one,  tl  of  the  ciliary  muscle  and  of  the  sphincter 

pupillai  are  of  tho  plain  variety. 

The  account  of  uccounuodation  us  given  in  the  preceding  pages  is  true  for  man 
and  other  mammals,  birds,  anil  certain  reptiles. 

Beer  has,  however,  shown  that  in  many  animals  lower  in  the  scale,  the 
mechanism  of  accommodation  varies  a  good  deal,  and  is  often  very  difterent  from 
that  just  described,  consisting,  in  fact,  in  a  power  of  altering  the  distance  between 
the  lens  and  the  r.  Una. 

In  bony  fishes,  the  eye  at  rest  is  accommodated  for  near  objects  ;  in  focussing 
for  distant  objects  the  lens  is  drawn  nearer  to  the  retina  by  a  special  muscle  called 
Uie  ri'iarlor  Irntix.  In  ccphulo|>odg  the  time  occurs,  but  the  retractor  testis  14 
absent ;  here  tin-  ■lyi*  of  the  lens  to  the  retina  is  brought  about  by  an  alteration 
of  Ultra-ocular  tension.  In  Amphibia  and  most  snakes,  the  eye  at  rest  is  t'ocusscd 
for  distant  objects;  in  accommodating  for  near  objects  the  lens,  by  alteration  of 
intra -ocular  tension,  is  brought  forward,  that  is.  the  distance  between  it  and  tin 
return  is  increased.  Then-  apj>ear  to  be  not  a  few  animals  in  all  classes  which  do  not 
possess  Uie  power  of  acv'oiiiiiio.lalion  at  all.  Indeed,  Barrett  states  this  u>  so  for 
most  mammals. 

Defects  is  the  Optical  Atpakatus 

Under  this  head  we  may  consider  the  defects  known  as  (1) 
Myopia,  (2)  Uypermetropia,  (3)  Astigmatism,  (4)  Spherical  Aber- 
ration, (5)  Chromatic  AbOETOl .•i<m. 

The  normal  (emmetropir.)  eye  is  so  adjusted  that  at  rest  parallel 
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rays   are    brouglu  v    to   a   focus    on   the  retina  (1,  fig.  587). 

Hence  all  objects  except  near  ones  (practically  all  objee  than 

ly  feet  off)  are  seen  without  any  effort  of  accommodation ;  in 
other  words,  the  far-point  of  the  nonnal  eye  in  at  u  infinite  did 


I      lHa^nuu  ■'■  >  rye  bringing  [anil- 1  r»;»  rxactly  to  a  I 

t)i«  n  rinsl  ry«  «IbjjU«1  tu   a    unr  j»Aut ;   without  aeeumBiulalJun  lb*  rayi  w 

GjcumvI  t>rliifi'l  lit*  r>ttna,  but  by  IncrcMltig  Ui*  conrnturo  of  the  ant< 

(shown  by  *  dotted  lino)  tbo  ray«  »r.  n  tho  reUna  fa*  h>lk»t»l  by  lb*  mooting  of  Um  two 

«lott«l  iliiaw) ;  3,  tty/itrm'tntpic  eyo ;  la  Uili  r*«  the  aila  of  the  «ye  U  thorter  than  normal ;  [Atallrl 
ray*  ar»  foeuaarl  boulsd  th«  rttUia;  4,  mr-plc  mr» ;  In  UUt  out  tb*  >xl«  -if  Uk  *y«  U  abnormally 
long ;  parallel  ray*  are  foruaatd  In  front  uf  Um  irtlna.  Tha  flcura  inouTrectlr  rtprenenu  Uu 
refraction  m  ucourrfatK  only  In  Ui*  cryaUlilna  Ian*;  Um  jiriwijud  refraction  maliy  occur*  at  Uu 
anterior  surface  of  the  conxw. 

In  viewing  near  ol  ra  are  conscious  of  the  effort  (the  contra 

of  the  ciliary  muscle)  by  which  the  anterior  surface  of  the  lens  is 
rendered  more  convex,  and  rays  which  would  otherwise  be  focussed 
behind  the  retina  are  converged  upon  the  retina  (see  dotted  lines, 
2,  fig.  587). 

I.  Myopia  (short-eight),  (4,  \%.  587).— This  defect  is  due  loan 


3D 


Till-:   BYE   AND    VI 


abnormal  elongation  of  the  eyeball.     The  retina  is  too  far  from  the 
-,  and  consequently  parallel  rayB  arc   focussed   .  ©/   the 

retina,  and,  crossing,  form  little  circles  on  the  retina ;  thus  the  images 
of  distant  objects  are  blurred  and  indistinct.  The  eye  is,  as  it  were, 
permanently  adjusted  for  a  near-i>«i:it.  Baya  Irom  a  point  near  the 
eye  arc  exactly  focussed  on  the  retina.     I  I  issue  from 

object  (far-point)  cannot  be  distinctly 

focussed.     This  defect  is  COJ  ave  glasses  which  cause  the 

i.lvs  entering  the  eye  to  diverge:  hence  they  do  not  come  to  a  focus 
bo  soon.  Such  glasses,  of  course,  are  only  needed  to  give  a  clear 
vision  of  distant  objects.  For  near  objects,  except  in  extreme  cases, 
they  are  not  rcqui 

2.  Hypermetropia  (.'■  ■  ). — This  is  the  reverse  defect.  The 
eyeball  is  too  Bhort.  Parallel  rays  are  focussed  ftehind  the  retina : 
an  effort  of  accommodation  is  required  to  focus  even  parallel  rays  DO 
the  retina;  and  when  they  n  gent,  as  in  x\<  near  object, 
the  accommodation  is  insufficient  to  focus  them.  Thus,  in  well- 
marked  cases,  distant  objects  require  an  effort  of  accommodation,  and 
near  ones  a  ver-  id  effort,  and  the  ciliary  muscle  is,  therefore, 
constantly  acting.  This  defect  is  obviated  by  the  use  of  convex 
glasses,  which  reader  the  pencils  of  light  inure  convergent.  Such 
glasses  are,  of  course,  especially  needed  for  near  objects,  as  in  reading, 
etc.  They  rest  the  eye  by  relieving  the  ciliary  muscle  from  excessive 
work. 

3.  Astigmatism. — This  defect,  which  was  first  discovered  by 
Airy,  is  due  to  a  greater  curvature  ,,i  i lie  eye  in  one  meridian  than 
in  others.  The  eye  may  be  even  myopic  in  one  plane,  and  hyper- 
metropic in  others.  Thus  vertical  and  horizontal  lines  crossing  each 
other  cannot  both  be  focussed  at  once;  one  set  stand  out  clearly, 
and  the  others  are  blurred  and  indistinct.  This  defect,  which  is 
present  in  a  slight  degree  in  all  eyes,  is  generally  seated  in  the 
cornea,  but  occasionally  in  the  Lena  as  I  nay  be  corrected  by 
the  use  of  cylindrical  glasses  (i.e.,  curved  only  in  one  direction). 

4.  Spherical  Abcrrot  Tin-  rays  of  a  cone  of  light  from  an 
objeot  situated  at  the  side  of  the  Held  of  vision  do  not  meet  all  in 
the  same  point,  owing  to  their  unequal  refraction  ;  for  the  refraction 
of  the  rays  which  pass  through  the  circumference  of  a  lens  is 
greater  than  that  of  those  traversing  its  central  portion.  This 
defect  is  known  as  spiwrical  aberration,  aud  in  the  camera,  telescope, 

,  unl  other  optica]  instruments,  it  is  remedied  by  the 
int,iT|iositiiin  of  a  screen  with  a  circular  aperture  in  the  path  of  the 
rays  of  Light,  cutting  off  all  the  margin;il  M /, :  and  only  allowing  \\\^ 
passage  of  those  near  the  centre.  .Such  correction  is  effected  in  the 
eye  by  the  iris,  which  prevents  the  rays  from  passing  through  any 
part  of  the  refractive  apparatus  but  its  centre.     The  image  of  an 
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object  will  be  most  defined  and  distinct  when  the  pupil  i*  "»ri 
ill' object  at  the  proper  distance  lor  vision,  and  the  light  abundant; 

so  that,  while  a  sufficient  number  of  raja  are  admitted,  the 

ncss  of  the  pupil  may  prevent  the  production  of  indistinctness  of 

the  image  by  spherical  aberration. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of 
outer  surface  of  the  the  posterior  surface  of  the  iris  and  the 

iry  processes,  which  absorbs  nn-st  of  the  Light  which  is  reflected 
within  the  eye,  and  prevents  its  befog  thrown  again  upon  tin'  retina 
so  at  to  interfere  with  the  images  there  formed. 

5.  Chr<  \W.rmtion.— In  the   passage  of  light   through  an 

ordinary  convex  lens,  decomposition  of  each  ray  into  its  elementary 
colours  commonly  ensues,  and  a  coloured  margin  appears  around 
the  image,  owing  to  the  unequal  refraction  which  the  elementary 
<  Inure  undergo.  In  optical  instruments  this,  which  is  termed 
''(trration,  is  corrected  by  the  use  of  two  or  more  lenses, 
differing  En  shape  and  density,  toe  second  of  which  continues  or 
increases  the  refraction  of  the  rays  produced  by  the  first,  but  by 
recombining  the  individual  parts  of  each  ray  into  its  original  white 
light,  corrects  any  chromatic  aberration  which  may  have  resulted 
from  the  first.  It  is  probable  that  the  unequal  refractive  powa 
i  he  transparent  media  in  front  of  the  retina  may  be  the  means  by 
which  the  eye  is  enabled  to  guard  against  the  effect  of  chromatic 
aberration.     The  human  :':<-.  however,  only  so  long  as 

the  image  is  received  at  its  focal  distance  upon  the  retina,  or  so 
long  as  the  eye  is  properly  accommodated.  If  these  conditions 
are  interfered  with,  a  more  or  less  distinct  appearance  of  colours  ia 
produced. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white 

■  ut,  it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This 
phenomenon  is  termed  Irradiation.  It  is  partly*  for  this  reason  that 
a  white  square  on  a  black  ground  appears  larger  than  a  black  square 
of  the  same  size  on  a  white  ground.  The  phenomenon  is  naturally 
more  marked  when  the  white  object  is  a  little  out  of  focus. 

Defective  Accommodation — Presbyopia. — This  condition  is  due  to 
the  gradual  loss  of  the  power  of  ai  lation  which  is  an  early 

sign  of  advancing  years.  In  consequence,  the  person  is  obliged  in 
reading  to  In  1  1  the  booh  further  and  further  away  in  order  to  focus 
the  letters,  till  at  last  the  letters  are  held  too  far  for  distinct  vision 
The  defect  is  remedied  by  weak  convex  glasses.  It  is  due  chiefly  to 
the  gradual  increase  in  density  of  the  lens,  which  is  unable  to  swell 
out  and  become  convex  when  near  objects  are  looked  at,  and  also  to 
a  weakening  of  tho  ciliary  muscle,  and  a  general  loss  of  elasticity  in 
the  parts  concerned  in  the  mechanism. 

I  he  plifiiniuruun  is  also  partly  due  to  wlwtt  is  rallt-d  "  spatial  induction." 
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Functions  op  the  Iris. 


The  iris  has  three  uses: — 

1.  To  act  as  a  diaphragm  in  order  to  lessen  spherical  aberration 
in  the  manner  just  described. 

2.  To  regulate  the  amount  of  3  altering  the  eye  In  a  bright 
light  the  pupil  eontnefie;  in  b  d  in  light  it  enlarges.  This  may  be 
perfectly  well  seen  in  mic's  owi  ;•  looking  at  it  in  a  mirror 
while  one  alternately  turns  a  gas-light  up  and  down 

3.  By  its  contraction  during  accommodation  it  supports  the 
art  ion  of  the  ciliary  muscle. 

The  muscular  fibres  (unstriped  in  mammals,  striped  in  birds)  of 
the  iris  are  arranged  circularly  around  the  margin  of  the  pupil,  and 
ruliatingly  foam  its  margin.  The  radiating  fibres  are  best  seen  in 
ili-  eyes  of  birds  and  otters;  some  look  upon  them  as  elastic  in 
ii  nun-,  bttt  there  is  little  donbt  thai  tli- ■  v  are  contractile.  Those 
who  believe  they  are  not  contractile  explain  dilatation  of  the  pupil 
as  due  1 0  inhibition  of  the  circular  fibres.  Tint  if  the  iris  is  stimu- 
lated no.ir  its  outer  margin  at  three  different  points  simultaneously 
the  pupil  assumes  a  triangular  shape,  the  angles  of  the  triangle 
corresponding  to  the  points  stimulated;  this  must  be  due  to  con- 
traction cri  three  strands  of  the  radiating  muscle;  inhibition  of  the 
circular  fibres  would  00G1U  equally  all  round 

The  iris  is  supplied  by  three  sets  of  nerve-fibreB  contained  in  the 
ciliary  nerves. 

(a)  The  third  nerve  vui  the  short  ciliary  nerves  supplies  the 
circular  fibres. 

(b)  The  cervical  sympathetic  supplies  the  radiating  fibres.  The 
i-ilio-sjiiiial  centre  which  governs  them    is  in  the  cervical  region  of 

1  i >nl  {see  p.  676).  The  fibres  leave  the  cord  by  the  anterior  root 
of  the  second  thoracic  nerve,  pass  into  the  cervical  sympathetic,  and 
reach  the  eyeball  vid  the  ophthalmic  branch  of  the  fifth,  and  long 
ciliary  nerves. 

(c)  Fibres  of  the  fifth  nerve  wfatoh  ftW  sensory. 

The  experiments  on  these  nerves  u  of  section  and  stiinula- 

tiuii  nf  the  peripheral  ends;  the  usual  experiments  by  which  the 
functions  of  a  motor  nerve  are  discovered. 
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Certain  drugs  dilate  the  pupil.  These  are  called  mydriatics; 
atropine  ia  a  well-known  example.  Others  cause  the  pupil  to 
coutract.  These  are  called  myotus ;  physostigmine  and  opium 
(taken  internally)  are  instances.  Different  myotics  and  myilriatics 
act  in  differeut  ways,  some  exerting  their  nativity  on  the  muscular, 
and  others  on  the  nervous  strut-tuns  of  the  iris. 

Reflex  actiens  of  the  iris. — When  tin-  iris  contracts  under  the 
influence  of  light,  the  senBory  nerve  is  the  optic,  and  the  motor  the 
third  nerve.  The  central  connection  of  the  two  nerves  in  the 
region  of  the  mid-brain  we  shall  see  later  on.  The  iris  also  contracts 
on  accommodation ;  and  the  rellex  path  concerned  in  this  action  is  a 
difforent  one  from  that  concerned  in  the  light  reflex,  as  this  reflex 
often  remains  in  cases  of  locomotor  ataxy,  at V  is  an  entire 

loss  of  the  reflex  to  light  (Argyll-Robertson  pupil). 

On  painful  stimulation  of  any  part  of  the  body,  there  is  reflex 
dictation  of  the  pupil.  This  is  accompanied  by  starting  of  the 
eyeballB,  due  to  contraction  of  the  plain  muscle  in  the  capsule  of 
Tenon,  which,  like  the  dilator  fibres  of  the  iris,  is  supplied  by  the 
cervical  sympathetic  nerve. 

We  may  sum  up  the  principal  conditions  under  which  the  pupil 
contracts  and  dilates  in  the  following  table: — 


Causes  of 


Contraction  of  the  Puull. 

1.  Stimulation  of  third  nerve 

2.  Paralysis  of  cervical  sympath* -t  i . 
:.   When  the  eye  b  exposed  to  light 

4.  When  accommodation  occurs. 

5.  Under    the     local     influence    of 

physostiginine. 

6.  I'ndcr  the  influence  of  opium. 

7.  During  sleep. 


Dilatation  of  tho  Pupil. 

! .    P  inilysls  of  the  third  nerve. 

2.  Stimulation  of  the  cervical  sympa- 
tic 

3.  In  the  dark. 

4.  When     the     accommodation     is 
relaxed. 

:'..   I  ndcr  the  local  influence  of  atro- 

Bine.     This  drug  also  paralyses 
ie  ciliary  muscle. 
•».   In  the  last  stage  of  asphyxia. 
7.   In  deep  chloroform  narcosis. 
-.    I  11.I.T   I  In-    influence    of   certain 

■tions.  such  a&  fear. 
Ob   DuriiiK  pain. 

There  is  a  close  connection  of  the  centres  that  govern  the  activity 
of  the  two  irides.  If  one  eye  ia  Bhaded  by  the  hand,  its  pupil  will 
of  course  dilate,  but  the  pupil  of  the  other  eye  will  altm  dilate. 
The  two  pupils  always  contract  or  dilate  togeth  a  the  cause 

is  the  local  injury  to  the  nerves  of  one  side  or  the  local  action  of 
drugs. 

Functions  op  the  Retina. 

The  Retina  is  the  nervous  coat  of  the  eye  ,  it  contains  the  layer 
of  nerve-epithelium  (rods  and  cones)  which  is  capable  of  receiving 
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tho  stimulus  of  light,  and  transforming  it.  into  a  nervous  impulse 
which  passes  ba  t  1 1 •  ■  brain  by  the  optic  nerve. 

The  bacillary  la\oi .  or  layer  of  rods  and  cones,  is  at.  the  Im<  k 
of  all  the  other  retinal  layers,  which  tho  light  has  to  penetrate 
before  it  can  affect  this  layer.  Hh  proofs  of  the  statement  that  it  ifl 
the  layer  of  tin-  retina  which  is  capable  of  stimulation  b\  light  are 
the  I  : — 

(1)  The  point  of  entrance  of  the  optic  nerve  into  tho  retina, 
where  the  rods  an  1 1  BO&S6  aTe  absent,  is  insensitive  to  light,  and  is 
Bailed  tic  blind  spot.  This  is  readily  demonstrated  by  what  is  known 
as  Mariotte's  experiment.  If  we  direct  one  eye.  the  other  being 
oloeed,  Upon  a  point  at  such  a  distance  to  the  Bide  of  any  ol 
that  the  image  of  the  latter  must  fall  upon  tho  retina  at  the  point  01 
entrance  of  the  optic  nerve,  this  image  is  lost.  TF,  for  example,  ire 
close  the  left  eye,  and  look  steadily  with  the  right  eye  at  the  dot 


here  represented,  while  the  page  is  held  about  six  inches  from  the 
eye,  both  dot  and  cross  are  visible    On  gradual  Being  the 

distance  between  the  page  and  the  eye,  si  ill  keeping  the  right  eye 

lily  on  the  dot,  it  will  be  found  that  suddenly  the  cross  dis- 
appears Groin  view,  beoaUBB  its  image  has  fallen  on  the  blind 
on  removing  the  book  still  farther,  it  comes  in  sight  again.  The 
question  has  arisen  why  we  are  not  normally  conscious  of  a  gap  in 
the  image.  The  gap  is  not  felt  for  the  reason  that  a  defect  of  light 
lions  ut  a  spot  blind  from  the  beginning  can  BO  more  bi 

id  as  a  gap  in   the  image  than   the  blindness,  say,  of  the  skin  of 
the  lfjt.c-k  or  luot  r.Mi  ';•■  ed. 

(2)  In  the  fovea  centralis  which  contains  rods  and  cones  but  no 
optic  nerve-fibres,  and  in  which  the  other  layers  of  the  retina  are 
thinned   down   to  a  minimum,   light  produces   the  greatest    i 

lu    the   macula    lutea,  cones  occur   in    large    numbers,   and   in   the 

i  centralis  oones  without  rods  are  found,  whereas,  in  the  rest 

of  the  retina  which  is  not  BO  sensiti-.  e  to  light,  there  are  fewer  cones 
than  mils. 

(3)  If  a  small  lighted  candle  is  moved  to  and  fro  at  the  side  of 
ami  close  to  i  u  a  darkened  room,  while  the  eyes  look  steadily 
forward  on  to  a  dull  background,  a  remarkable  branching  figure 
(1'urkinje's  figures)  is  3een  floating  before  the  eye,  consisting  of  dark 
ones  on  a  reddish  ground.  As  the  eandle  moves,  the  figure  moves 
in  the  opposite  direction,  and  from  its  whole  appearance  there  can 
be  no  doiibl  thai  it  is  a  reversed  picture  of  the  retinal  vessels  pro- 
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jected  before  the  eye.*  This  remarkable  appearance  is  due  to 
shadows  of  the  retinal  vessels  cast  by  the  candle;  and  it  is  only 
when    i  thrown    upon    the    retina    in   an    unusual  slanting 

direction  that  thej  arc  perceived.     T  liese  vessels  are 

distributed  En  the  nerve-fibre  find  ganglionic  layers;  and  since  the 
light  of  the  candle  falls  01.  1    vessels  from   in   front,  I 

shadow  is  < ■  ui'i  hanoe  those  elements  of  the  retina 

which  perceive  the  shadows  must  al.s<»  lie  behind  the  vessels.     Here, 

i.  we  have  a  clear  proof  that  the  light-perceiving  elements  are 
not  the  inner,  hut  one  of  the  externa]  livers  of  the  retina;  further 
than  this,  calculation  has  shown  it  is  the  layer  of  rods  find  cones, 
The  dfitfi  for  such  a  calculation  are — the  dimensions  of  the  eyeball, 
the  distance  of  the  screen  from  the  eye,  the  angle  through  which  the 

ile  is  moved)  sad  the  displacement  of  the  figure  seen. 

Duration  of  Visual  Sensations. — The  duration  of  the  sensation 
produced  by  a  luminous  impression  on  the  retina  is  always  greater 
than  that  of  the  impression  which  produces  ii  However  brief  the 
Luminous  impression,  the  effect  on  the  retina  always  lasts  for  about 
one-eighth  of  a  ■  ni  Thus,  supposing  an  object  in  motion,  say  a 
horse,  to  be  n-v.-.ih-d  on  a  dark  night  by  a  Hash  of  lightning.  The 
object  wouhl  be  seen  apparently  for  an  eighth  of  a  Bocond,  but  it 
would  not  appear  in  motion ;  because,  although  the  image  remained 
on  the  retina  for  this  time,  it  was  really  revealed  for  such  an 
extremely  short  period  (a  Hash  of  lightning  lasting  only  a  millionth 
of  a  second)  that  no  appreciable  movement  on  the  part  of  the  object 
could  have  taken  place  in  the  period  during  which  it  was  revealed  to 

retma  Of  the  Observed  The  same  fact  is  proved  in  a  reverse 
way.  The  spokes  of  a  rapidly  revolving  wheel  are  not  seen  aa 
distinct  objects,  because  at  every  point  of  the  field  of  vision  over 
which  the  revolving  spokes  pasB,  a  given  impression  has  not  faded 
before  another  replaces  it.  Thus  every  part  of  the  interior  of  the 
wheel  appears  occupied. 

The  stimuli  which  excite  the  retina  are  exceedingly  slight;  for  instance,  the 
minimum  stimulus  in  the  form  of  green  light  is  equal  in  terms  of  work  to  that  which 
is  I.mv  in  raising  a  ten-millionth  part  of  a  milligramme  to  the  lui^-lit  of  n  millimetre, 
and  even  some  of  this  ia  doubtless  wasted  >n  the  form  of  heat.  The  time  during 
which  the  stimulus  arts  may  be  excessively  small,  thus  light  from  a  rapidly  rotating 
mirror  is  visihlc  even  when  it  only  fails  upon  tin  r.  una  for  one  eight-millionth  part 
of  a  second.  SoM  ithysiologists  have  drawn  an  analogy  between  retinal  and 
muscular  excitations.  There  la  DO  complete  analogy,  but  the  following  points  of 
noted : — 

1.  The  retina  like  the  muscle  possesses  a  store  of  potential  energy,  which  the 
stimulus  serves  to  fire  off. 

"2.   Fatigue  on  action,  and  recovery  after  rest  are  noticeable  in  both. 

*   Purkinje**  figures  <  m  be  mueb  mure  readily  seen  by  simply  looldOfJ  steadily 

down  a  microscope,  and  moving  Um  whole  instrument  bwekwaiut  and  forwards,  or 
from  tide  to  ride,  wtdlt  so  doing. 
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I  he  curve  of  retinal  excitation,  like  tlie  muscle  curve,  rises  not  abruptly  but 
gradually  to  its  full  height,  and  on  the  cessation  of  the  stimulus  takes  a  measurable 
time  to  fall  again,  the  retinal  impression  outlasting  the  stimulus  by  about  one-eighth 
of  a  second. 

4.  With  comparatively  slow  intermittent  excitaliun,  the  phenomenon  known  as 
Jlifkxr  takes  place ;  this  may  bo  shown  by  the  slow  rotation  on  Maxwell's  mat 

of  •  disc  painted  with  alternate  black  and  white  sectors.     This  roughly  corresponds 
with  what  in  a  muscle  is  called  incomplete  tetanus. 

5.  When  the  rate  of  stimulation  is  increased,  as  by  increasing  the  speed  of  rota- 
tion of  the  disc  just  alluded  to  say  to  twenty  or  thirty  times  a  second)  the  resulting 
sensation  is  a  smooth  one  of  grcyness.  This  fusion  of  individual  stimuli  into  a  con- 
tinuous sensation,  does  not  by  any  meaus  correspond  to  the  complete  tetanus  of 
muscle,  for  the  resultant  sensation  has  a  brightness  corresponding  not  to  a  summa- 
tion of  the  individual  fusing  sensations,  but  to  a  brightness  which  would  ensue  if  the 
stimuli  were  spread  evenly  over  the  surface  of  the  disc  (Talbot's  Law). 


The  Ophthalmoscope. 

Every  one  is  perfectly  familiar  with  the  fact,  that  it  is  quite  im- 
possible to  see  the  fundus  or  back  of  another  person's  eye  by  simply 
looking  into  it.  The  interior  of  the  eye  forms  a  perfectly  black 
background.*  The  same  remark  applies  to  the  difficulty  we  experi- 
ence in  seeing  into  a  room  from  the  street  through  the  window  unless 
the  room  is  lighted  within.  In  the  case  of  the  eye  this  fact  is  partly 
duo  to  the  feebleness  of  the  light  reflected  from  the  retina,  most  of  it 
being  absorbed  by  the  retinal  pigment ;  but  far  more  to  the  fact  that 
every  such  ray  is  reflected  straight  to  the  sourco  of  light  (e.g., 
candle),  and  cannot,  therefore,  be  seen  by  the  unaided  eye  without 
intercepting  the  incident  light  from  the  candle,  as  well  as  the 
reflected  rays  from  the  retina.  This  difficulty  is  surmounted  by  the 
use  of  the  ophthalmoscope. 

The  ophthalmoscope  was  invented  by  ffftlntholtej  U  a  minor  for 
reflecting  the  light  into  the  eye,  he  employed  a  bundle  of  thin  glass 
plates ;  this  mirror  was  transparent,  and  so  he  was  able  to  look- 
through  it  in  the  same  direction  as  that  of  the  rays  of  the  light  it 
reflected.  It  is  almost  impossible  to  over-estimate  the  boon  tlua 
instrument  has  been  to  mankind ;  previous  to  this  in  the  examina- 
tion of  cases  of  eye  disease,  the  principal  evidence  00  which  the 
Burgeon  had  to  rely  was  that  derived  from  the  patient's  sensations; 
now  he.  can  look  Eoz  Mmsrif. 

The  instrument,  however,  has  been  greatly  modified  since  Helm- 
holtz's  time;  the  principal  modification  is  the  substitution  of  a  con- 
cave mirror  of  silvered  glass  for  the  bundle  of  glass  plates ;  this  is 

*   In  some  animals  (<•.«/..  the  cat),  the  pigment  is  absent  from  a  portion  of  the 
retinal  epithelium  ;  this  forms  the  Tapttvm  w  The  use  of  this  is  supposed  to 

be  to  increase  the  sensitiveness  of  the  retina,  the  light  being  reflected  back  through 
the  layer  of  rods  and  rones.  It  is  certainly  the  case  that  these  animals  are  able  to  sec 
clearly  with  less  light  than  we  can,  hence  the  popular  idea  that  a  cat  can  see  in  the 
dark.  In  fishes  a  tape  turn  lurid  mn  is  often  present ;  here  the  brightness  is  increased 
by  crystals  of  guanine. 
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mounted  on  i  handle,  Hid  is  perforated  in  the  centre  by  a  small  hole 
through  which  t.ho  observer  can  look. 

The  methods  of  examining  the  eye  wjth  this  instrument  »re—  the  /■>../  and  the 
•  both  methods  of  investigation  should  be  employed.  A  drop  of  a  solution 
of  atropine  (two  grains  to  the  ounce)  or  of  homa- 
tropinc  hydrobromatc,  should  be  instilled  about 
twenty  minutes  before  the  examination  is  com- 
menced ;  the  ciliary  muscle  is  thereby  paralysed, 
the  power  of  accommodation  is  abolished,  and 
the  pupil  is  dilated.  This  will  materially 
late  the  examination  ;  but  it  is  quite  possible  to 
observe  all  the  details  to  be  presently  described 
without  the  use  of  such  drugs.  The  room  being 
now  darkened,  the  observer  seats  himself  in 
front  of  the  person  whose  eye  he  is  about  to 
examine,  placing  hini.self  upon  a  somewhat 
higher  level.  Ijct  us  suppose  that  the  right  eye 
of  the  patient  is  being  examined.  A  brilliant 
and  steady  light  is  placed  close  to  the  left  ear 
of  the  patient.  Taking  the  mirror  in  his  right 
hand,  and  looking  through  the  i  entnil  hole,  the 
operator  directs  a  beam  of  light  into  I  he  i 
the  |>atient  A  red  glare,  known  as  fJU  rr/fne, 
is  seen ;  it  is  due  to  the  illumination  of  the 
retina.  The  patient  is  then  told  to  look  at  the 
little  finger  of  the  observer's  right  hand  as  he 
holds  the  mirror ;  to  effect  this  the  eye  is  rotated 
somewhat  Inwards,  and  at  the  same  time  the 
rcrlex  changes  from  red  to  a  lighter  colour, 
owing  to  the  rctlcction  from  the  opfic  disc.  The 
observer  now  approximates  the  mirror,  with  tdl 
eye  to  the  eye  of  the  patient,  taking  care  to 
keep  the  light  fixed  upon  the  pupil,  so  as  not  to 
lose  the  reflex.  At  a  certain  point,  which  varies 
with  different  eyes,  but  is  usually  reached  when 
there  is  an  interval  of  about  two  or  three  htdbef 
between  the  observed  and  the  observing  eye,  thi> 
tvM$U  of  lh«  WstffM  become  viable.  Kxarninc 
carefully  the  fundus  of  the  eye,  ».«.,  the  red 
surface— until  d\*  <■}•'<••  (Km  is  seen;  trace  its 
circular  outline,  mid  observe  the  small  central  v>  bite  spot,  tlie  porus  opticus,  or  phyri- 
ologlral  pit :  near  tlie  centre  is  the  central  urtcry  of  the  retina  breaking  up  upon 
the  disc  into  branches ;  veins  also  arc  present,  and  correspond  roughly  to  the 
course  of  the  arteries.  Trace  the  vessels  over  1 1  n  dbc  00  to  tlie  retina.  .Somewhat 
to  the  outer  side,  and  only  visible  after  some  practice,  is  the  yltmr  tpot,  with 
tlie  smaller  lighter-coloured  ffcOM  MtirofitlD  its  centre.  This  constitutes  the  direct 
method  of  examination;  by  it  the  various  details  of  the  fundus  are  seen  as  they 
really  exist,     n.i  ii  [|  this  method  which  should  be  adopted  for  ordinary  use. 

If  the  observer  is  myopic  or  hypermetropic,  he  will  be  unable  to  employ  the 
direct  method  of  examination  until  he  has  remedied  his  defective  virion  by  the  use  of 
proper  g  hisses. 

In  tlie  indirect  method  I  In-  |»ntient  is  placed  as  befnn-.  and  the  0|>enitor  holds  the 
mirror  in  bis  right  hand  at  a  distance  of  twelve  to  eighteen  inches  from  the  patient  s 
right  eye.  At  the  same  time  he  rests  his  left  little  finger  lightly  upon  tlie  patient'.s  right 
temple,  and  holding  a  convex  lens  between  his  thumb  and  forefinger,  two  or  three 
indies  in  front  of  tlie  patient's  eye,  directs  the  light  through  the  lens  into  the  eye. 
The  red  reflex,  and  subsequently  the  win!.  OSM \  having  been  gaim-d.  the  operator 
slowly  moves  his  mirror,  and  with  it  his  eye,  towards  or  away  from  the  face  of  tlie 
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patient,  until  tlic  outline  of  one  of  the  retinal  vessels  becomes  visible,  when  very 
slight   movements  on  the  part  of  the  operator  will  suffice  to  bring  into  view 
details  of  the  fundus  above  clcscrihr- 1.  but  ilic  image  will  be  much  smaller  and  in- 
verted.    The  appearances  seen  are  depicted  in  lip.  .'74.     The  lens  should  be  kept 
fixed  at  a  distance  i  I"  two  or  three  incl-.  rror  alone  being  moved  until  the 

disc  becomes  visible  :  should  the  image  of  the  mirror,  however,  obscure  the  disc,  the 
lens  may  be  slightly  tilted. 

The  two  next  figures  show  diagrammatic-ally  the  course  of  the  rays  of  light. 

Pig.  580  represents  what  occurs  when  employing  the  direct  method.     S  is  the 


Fio.  MO.— Th*  twonw  of  lb»  Ifclii  I  ..- itlM.ejr*  \ij  ta-iilnjctBWthoi!  IkJ 

source  of  light,  and  M  M  tin:  0  iM  ave  mirror  with  Its  central  aperture,  v,  In. ib  n-ilects 
the  rays  ;  these  are  focussed  by  the  eye  K,  which  is  being  examined,  toapointin  the 
vitreous  humour,  and  this  produce*  a  diffuse  lighting  of  the  interior  of  the  eyeball. 
Roys  of  hVht  issuing  from  tha  point  p  emerge  from  the  eye  parallel  to  one  inOfhCT, 
and  enter  the  observer's  eve  I        ■  hi  to  n  focus  p'  on  the  retina  as  the 

eye  is  accommodated  for  distant  vision.     Similarly  the  point  m  and  n  will  gi\e 
to  images  at  m1  and  »'  respectively. 

Fig.  590  represents  what  occurs  in  examining  the  eye  by  the  indirect  method. 


Fin.  6W>.— ThoetmtMuf  Uit  llidit  In  oamlnlDgtlueye  by  UM  indirect  mtUicl.    (T.  0.  Brodit.) 


S  is  the  source  of  light,  M  M  the  mirror.  K  the  observed,  and  E'  the  observing 
eye  as  before.  The  rays  of  light  are  reflected  from  the  miiror  and  form  an  image 
nt  v  ;  they  then  diverge  and  arc  again  made  convergent  by  the  lens  L  held  in  front 
of  the  eye  by  the  observer;  by  this  means  a  second  image  is  focussed  just  behind 
I  he  crystalline  lens  of  the  eye  E.     They  then  again  diverge  and  diffusely  light  up 
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the  interior  of  the  eyeball.    The  rays  of  light  reflected  from  two  points  i  an. 

the  retina  diverging  from  the  eye  arc  refracted  to  the  glass  lens  I.,  nnd  give  an 

inverted  real  image  P  /»'  larger  than  the  object  •  m.    These  Utter  rays  then  d 

and  are  collected  and  fo.ussed  by  the  observing  eve  E1  to  give  an  image  f  ur  on  the 

retina.    (T.  G    Br-Klie.) 

The  Perimeter. 

This  ia  an  instrument  for  mapping  out  the  field  of  vision.     It 
consists  of  a  graduated  arc,  which  can  bo  moved  into  any  position, 


•■i.    >  ■ 


uiid  which  when  rotated  traces  out  a  hollow  hemisphere  En  the 
centre  of  this  the  eys  Ittldsff  examination  is  placed,  the  Other  eye 

befog  closed.  Tho  examiner  then  determines  on  the  surface  of  the 
hemisphere  those  points  at  which  the  patient  just  ceases  or  just 
begins  to  see  a  Bmall  object  moved  along  the  arc  of  the  circle.  These 
|.i< Miits  are  plotted  out  on  a  chart  graduated  in  degrees,  and  by  con- 
necting them  the  outline  of  the  field  of  vision  is  obtained. 

Fig.  591  shows  one  of  the  forms  of  perimeter  very  generally 

employed,  and  fig.  592  represents  one  of  tho  charts  provided  with 

instrument.     The  blind  spot  is  shown,  and   the  dotted   line 

represents  the  normal  average  field  of  vision  for  the  right  eye. 

It  will  be  seen  that  the  field  of  vision  is  most  extensive  on  the 

:  xil>  ;  it  ia  less  on  the  inner  side  because  of  the  presence  of  the 

nose. 

By  the  use  of  the  same  instniment,it  is  found  that  the  colour 
of  a  coloured  object  is  not  distinguishable  at  the  margin,  hut  only 
towards  the  centre  of  the  field  of  vision,  but  there  are  differences 
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for  different  colours ;  thus  a  blue  object  is  seen  to  be  blue  over  a 
wider  field  than  a  red,  and  a  red  over  a  wider  field  than  a  green 
object. 


Ida 


180 

Fio.  592.— Perimeter  chart  for  the  right  eye. 

In  disease  of  the  optic  nerve,  contraction  of  the  field  of  vision 
for  white  and  coloured  objects  is  found.  This  is  often  seen  before 
any  change  in  the  optic  nerve  is  discoverable  by  the  ophthalmoscope. 

The  yellow  spot  of  one's  own  eye  can  be  rendered  evident  by 
what  is  called  Clerk-Maxwell's  experiment: — On  looking  through  a 
solution  of  chrome-alum  in  a  bottle  with  parallel  sides,  an  oval 
purplish  spot  is  seen  in  the  green  colour  of  the  alum.  This  is  due 
to  the  pigment  of  the  yellow  spot. 

Colour  Sensations. 

Colours  may  differ  (1)  in  hue,  for  instance,  blue,  red,  yellow;  (2) 
in  saturation,  for  instance,  pale  green  and  full  green ;  this  depends 
upon  the  degree  of  admixture  with  white  light;  and  (3)  in  intensity, 
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i-'iiii  of  light  pel   anil   area  of  surface      These  differences 
are  dependent  I  DO  the  length,  the  purity,  and  the  ampli- 

Hide  of  the  light-wave.  Colours  also  differ  (4)  in  briyhhuaa  or 
luminosii // ;   this  is   a    purely   physiological    quality   devoid   ol   any 

known  pay  mterparb    Tin:  bruEhtnc  be 

measured  by  determining  the  shade  ol  grey  to  irhioh  it  appc 

aQjnvalenk    Even  the  moat  iatu rated  colours  (fm  lovt 

and  bine)  nave  diit'ei  out  degrees  of  brightness  varying  with  ehas 
of  illntnination  (see  alio  p.  8013). 

If  a  ray  of  sunlight  is  allowed  to  pass  through  a  prism,  it  is 
decomposed  by  its  passage  into  rays  of  different  colours,  which  are 
called  the  colours  of  the  spectrum;  they  are  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  oul 
of  their  course  by  the  prism, and  the  violet  the  most,  whilst  the  other 
colours  occupy  in  order  places  between  these  two  extremes.  The 
differences  in  the  colour  of  the  rays  depend  upon  the  rapidity  of 
vibrations  producing  each,  the  red  rays  being  the  least  rapid  and 
violet  the  most.  In  addition  to  these,  there  are  others  which  are 
invisible  but  which  have  definite  I'l  those  to  the  left  of  the 

red  are  less  refr.iiijil.'h.  beiug  the  calorific  raws  winch  act  iij be 

thermometer,  and  those  to  the  right  ol  t.he  violet,  which  are  called 
the  actinic  or  chemical  rays,  have  a  powerful  chemical  action. 

White  light  may  he  Inih  from  its  constituents  in  several  ways, 
for  instanco,  by  a  second  prism  reversing  the  dispersion  produced  by 
the  first,  or  by  causing  the  colours  of  the  spectrum  to  fall  on  the 
retina  in  rapid  succession.  The  best  way  to  study  the  effects  of 
mixing  colour  sensations  is  by  means  of  a  rapidly  revolving  disc 
to  which  two  or  more  coloured  sectors  are  fixed.  Each  colour  is 
viewed  in  rapid  succession,  ami  owing  to  the  persistence  of  retinal 
impressions,  the  constit ueni  colour  impressions  blend  and  giv 
single  sensation  of  colour.    (Maxwell.) 

White  light  can  be  produced  by  the  mixture  of  the  three  primary 
colours,  or  even  of  two  colours  in  certain  hues  and  proportions. 
These  pairs  of  colouis.  of  which  red  and  greenish-blue,  orange  and 
blue,  and  violet  and  yellow  are  examples,  are  called  com  'nry. 

The  colours  are  not  of  •  il nidation  energy,  otherwise  they 

might  be  arranged  around  a  circle ;  they  are  more  properly  arranged 
in  a  triangle,  with  red,  green,  and  violet  at  the  angles  (fig.  593). 
The  red,  green,  and  violet  arc  selected  on  the  theory  of  Helmhok; 
that  they  constitute  the  three  primary  colour  sensations;  other 
colour  sensations  are  mixtures  of  these. 

Thus,  the  orange  and  yellow  between  the  red  and  green  are 
mixtures  of  the  red  and  green  sensations;  the  blue  a  mixture  of 
green  and  violet;  ami  the  purples  (which  are  not  represented  in  the 
spectrum)  of  red  and  violet 
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Join  the  three  angles  red,  green,  and  violet,  and  one  gets  whito 
light;  or  join  the  blue  and  orange,  which  comes  to  the  same  thi 
and  one  also  gets  white. 

Bine  iuiil  orange  on  Maxwell's  dfcK  give  white;  bill  it  is  wi  II  known  that  n 
mixture  of  blue  and  orange  paint  gives  grveu  :  bo?  uphill  Qttel     SuppQM 

thepaiol  is  laid  on  vbitepaperi  thew;.  tram  the  papa  on  its  way  to  the 

BUM  through  transparent  particles  of  blue  an:l  orange  pigment;  the  blue 
partirles  only  let  the  gr<  lODI  rMcil  the  eye.  ami  rut  «»tr  the  re<l ; 

me  yellow  particles  only  let  the  red  un«l  green  through,  nn«l  nil  Off  the  •  bid  The 
red  and  violet  being  thus  cut  off,  the  green  sensation  is  the  only  one  which  reaches 
the  i 

The  experiments  which  lad  Hehnholtz  and  others  to  the  Beleel 

of  groou,  red,  and  violet  as  the  tliree   fuudamenU.il  OOloUX  sensations 

wore  performed  in  this  way;  the  eye  nndergoec  ixhAustaon  to  a 
colour  when  exposed  to  ii  lor  some  tun  •;  suppose  tor  instance,  the 

eye  is  Fatigued  for  red,  and  is 
then  exposed  to  a  pure  yellow 
light,  such  as  that  given  off  by 
the  sodium  ilainc,  the  yellow 
then  ap  leniah;  or  fat: 

the  eye  1'ur  green  and  then  expose 
it  to  blue,  the  blue  will  have  a 
violet  tint;     By  the  repetition 
of  numerous  experiments  of 
kind,    it    was    found    that 
fatigue  experienced    man  if- 
itself  in  three  colours,  red,  greeu. 
•uid  violet,  which  were  therefore 
p  three  fundamental 
colour  sensations.     It  was  also  fmind  that  these  three  colour  sensa- 
tions oottld  not  !"•  produced  by  any  combination  of  other  colom 
sensatioTis,    and    further  that   all    other    oolour    sensations   can    be 
obtained  by  mixing  these  three  in  various  proportiai 

The  th  colour  vision  constructed   as   these  data    was 

Led  by  Thomas  Young,  and  independently  discovered  and 
elaborated  by  Helmholtz,  It  is  consequently  known  as  the  3Toung- 
Helndmltz  theory.  This  theory  beaches  that  there  are  in  the  retina 
certain  elements  (?  cones)  which  answer  to  each  of  these  primary 
Dolours,  whereas  the  innumerable  intermediate  shades  of  colour  are 
produced   by  shtnulaln.n  of  the  three  primary  colour  terminals  in 

rent  degrees,  the  seusatiou  of  white  being  produced  whan  ! 
three  elements  are  equally  excited    Thus,  if  the  retina  is  stimulated 

rays  of  certain  wave  length,  at  the  red  end  pi  the  spectrum,  I 
terminals  of  the  other  colours,  green  and  violet,  are  hardly  stimulated 
at  all,  but  the  red  terminals  are  strongly  stimulated,  the  resulting 
sensation  being  red.     The  orange  rays  excite  the  red   terminals  con- 
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siderably,  the  green  rather  more,  end  the  violet  slightly,  the  result- 
ing sensation  being  that  of  orange,  and  bo  on  (tig.  E ■'■ 

Another  theory  of  colour  vision  I  Hering's)  supposes  that  there 

six   primary  colour  sensations,  viz.:  thr>  of  antagoni 

oolonn,  blank  end  wrhito  ad  green,  end  yellow  and  blue;  ami 

that  these  are  ]•<  by  the  oh  >ithei  of  disintegration  or  of 

assimiluti'in  taxing  plane  in  certain  substances,  aomewhat,  it  may  in- 
supposed,  oi  the  ii  ii  ire  of  the  visual  purple,  which  (the  theory 
ui  the  retina.  Each  of  the  substances  corresponding 
to  a  pair  of  colours  is  capable  of  undergoing  two  clianges,  one  of 
ruction  and  the  other  of  disintegration,  with  the  result  of  pro- 
ducin  r    colour.       I  nice,    in    the    white-black 

substance,  when  disintegration  is  in  excess  of  coiistniL'tiou  or  il- 
lation, the  sensation  is  white,  and  when  assimilation  is  in  excess  of 
disintegration   the  reverse  is  the 
case;  and  similarly  with  the  red  - 
green   substance,  and    frith    khfl 
yellow-blue  substance.    Whei 
repair  and  disintegration  are  I 
with  the  first  substance,  t  be  visual 
sensation  is  grey;  but  in  the  other 
pairs,  when  this   is  tho  cas< 
sensation    occurs.      The  rays  of 
the  spectrum  to  the  left  produce 
changes  in  the  red-groen  substance 
only,  with  a  resulting  sens;' 
of  red,  whilst  the  (orange)   rays 
further  to  the  right  affect  both  the 
red-green  and  the  yellow-bine 

bine  rays  causer. 
tivo  changes  in  the  yellow-blue  substances,  bnt  none  in  the  re 
and  so  ou.     These  changes  produced  in  the  visual  substance- 
retina  are  per  SU  ad  by  tho  brain  as  sensation  mr. 

Wither  theory  satisfactorily  accounts  for  all  the  numerous 
complicated  problems  presented  in  the  physiology  of  colour  vision. 
One  of  I  In  e  problems  is  colour  blindness,  a  by  no  means  uncommon 
visual  defect.     Some   people  [j    oolour   blind,   but  the 

commonest  form  is  the  inability  to  distinguish  between  red  and 
green.  rTelmholtz'fl  explanation  el  such  a  condition  is,  that  the 
elements  of  the  retina  which  receive  the  hPTrromfoii  of  red,  etc.,  are 

ent,  or  very  tly  developed,  and  Hering's  would  bo  thai 

the  red-green  substance  ia absent  trom  the  retina.  Other  varieties  of 
colour  liliini  ahi<|,  ii:,*  other  colour-perceiving  elements  are 

absent,  have  Iwn  shown  to  sxiel  OOOafiionally, 

Hering's  theory  appears  to  meet  the  difficulty  beet,  for  if  the  red 


1        ".'i.— Diagram  ,.r  Dm  ihf»  j.rtmarj  I 
MtiaaUoti..  "j  )    1  *• 

tli«  r»U;    1,  gmiu,   and   t,  vlolnt,    jm 
colour  atna*llori  i»H»k  bntlcalea  Ui« 

ooteort  of  Ui«  i|<rctfum.  Tl»«  "SUgtaoi  fai-li- 
nUi  tijr  tlie  krifht  of  Um  rnrva  lo  what 
M>i;t    tb-    f-  -Y    MnaaUaaw   •>( 

■  r  an  ncilmi  by  vlbtaUoni  of  dISanat 
win  iMijctai. 
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element  of  nelmholt/,  were  absent,  the  patient  ought  nut  to  be  able 
t<>  perceive  white  sensations,  of  which  red  is  a  constituent  part; 
whereas,  according  to  Hering's  theory,  the  white-black  visual  sub- 
stance remains  intact  It  likewise  explains  to  some  extent 
phenomena  of  total  colour  blindneBS,  which  ia  an  almost  iuconcciv- 
•  ondition,  if  the  Young-Helmholt/.  theory  is  accepted. 

These  two  theories  have  been  for  a  long  tune  before  the  scientific 
world  As  facts  have  accumulated,  it  has  been  for  some  years 
recognised  that  many  facts  could  not  be  reconciled  with  either ; 
and  modifications  of  one  or  the  other  have  been  from  time  to  time 
introduced. 

The  observations  made  by  C.  J.  Burch  are  of  considerable 
importance,  the  following  is  a  brief  account  of  bis  methods  and 

:  i  IS. 

He  finds  that  by  exposing  the  eye  to  bright  sunlight  in  the  focus 
of  a  burning  glass  behind  transparent  coloured  screens,  it  is  possible 
to  produce  temporary  colour  blindness.  After  red  light,  the  observer 
i8  for  some  minutes  red-blind,  scarlet  geraniums  look  black,  yellow 
flowers  green,  end  purple  flowers  violet.  After  violet  light,  violet 
looks  black,  pin  '  crimson,  and  green  foliage  richer  than 

usual.      After  light  of  other  ml  >,    ponding    Hlrets  are  pro- 

duced. If  one  eye  is  made  purple-Hind,  and  the  other  green-blind, 
all  objects  are  nen  in  theil  natural  colours,  but  in  exaggerated  per- 
spective, due  to  the  difficulty  the  brain  experiences  in  combining  the 
images  from  the  two  eyes. 

By  using  a  brightly-illuminated  spectrum,  and  directing  the  eye 
to  certain  of  its  colours,  the  eye  is  tunc  becomes  fatigued  ami  1! 
for  that  it  Ii.nr,  so  that  it  is  no  longer  seen  in  the  spectrum.  TIiub, 
after  green  blindness  ia  induced  the  red  appears  to  meet  the  blue, 
and  no  green  is  seen.  If,  however,  the  eye  is  exposed  to  yellow  light, 
it  does  not  similarly  become  blind  for  yellow  only,  but  for  red  and 
green  too.  This  supports  the  Young-Hclmholtz  theory,  that  the 
sensation  yellow  is  one  compounded  ol  the  ted  and  green  sensations. 
My  .111  exliaustifU  "™'Mfam  >>(  the  different  parts  of  S  E  k  ■  spn ./limn. 
in  this  w&T  it  thus  becomes  possible  to  differentiate  between  the 
primary  colour  sensations  and  those  which  are  compound.  By  a 
study  of  this  kind,  Burch  concludes  that  the  phenomena  of  colour 
vision  are  in  accordance  with  the  Vuung-Helmholtz  theory,  with  the 
important  addition  that  there  is  a  fourth  primary  colour  sensation, 
namelv,  blue.  Ho  could  not  discover  that  colour  sensations  are 
"  lated  to  each  other  in  the  sense  indicated  by  Hering.  Each  D 
be  exhausted  without  either  weakening  or  strengthening  the  others. 
These  observations  were  confirmed  by  examining  in  a  similar  way 
the  colour  sensations  of  seventy  other  people,  but  there  are  individual 
differences  in  the  extent  to  which  the  colour  sensations  overlap. 


AKJ'KK-  IMAGES 


A!tfr-ltnari*ii. — These  are  Ihc  aftereffects  of  retinal  excitation,  and  are  divided 
And  nrjuiiif.     Positive  after-image*  resemble  the  original  image  in  dis- 
tribution of  brightness  and  colour.     In  negative  after-images  bright  parte  appear 
dark,  dark  part*  bright, and  coloured  parte  in  the  complementary  or  contrast  colours. 

If  a  bright  white  object  is  looked  at,  and  Die  eyelids  are  then  closed,  a  positive 
after-image  is  seen  winch  fades  gradually,  lmt  u  it  fades  it  passes  through  blue,  violet 
or  red,  to  orange ;  according  to  the  Young-IIelmholtx  theory,  this  a  explained  on  the 
hypothesis  that  the  excitation  does  not  decline  with  equal  rapidity  in  the  three  colour 
terminals.  Further  details  of  these  after-images  are  given  on  p.  S03.  A  positive 
after-image  is  readily  obtained  by  moiientariiy  looking  at  a  briuht  oh 
window,  after  waking  from  sleep.  Negative  alter- images  develop  later  than  positive 
images. and  ther  by  closing  i  lie  B]  1 1  or  dv  turning  them  to  a  uniform 

grey  surface  all  ;  an  object  ste.n  I 

If  the  object  looked  at  is  coloured,  the  negative  after-image  seen  upon  such  a 
background  is  in  its  complementary  colour ;  this  is  explained  by  the  Young  I  IdrnholU 
theory,  by  the  supposition  Hint  the  colour  perceiving  element  for  the  colour  looked  at 
is  the  most  fatigued,  and  the  terminals  for  its  complementary  colour  least  fatigued. 
On  the  tiering  theory,  one  colour  produces  analytic  or  katabolic  effects  as  the  case 
may  be;  on  withdrawing  the  eye  from  stimulation  by  that  particular  colour,  the 
opposite  phase  of  metabolism  takes  place  and  produces  the  complementary  colour. 
One  has  an  analog)'  to  this  in  the  case  of  the  heart ;  when  that  organ  ha?  been  t 
into  on  anabolic  state  by  the  .stimulation  of  the  vagus.  It  will  beat  better  when  the 
stimulation  stops  owing  to  increase  of  katabolic  processes. 

Negative  after-images  are  frequently  spoken  of  as  phenomena  of  succttnir. 
tr<ul.    Somewhat  more  complex  than  these  arc  the  phenomena  of  timullaNtotu  arm- 
(nut.   A  white  object  looks  whiter  when  viewed  against  a  dark  background  than  when 
seen  against  a  white  background  ;  the  colour  of  an  object  is  intensified  by  viewing  it 
against  a  background  of  its  iitary  hue.     Another  familiar  experiment  :s  i  he 

following:— A  piece  of  grey  pap>  1  on  a  green  sheet,  and  tin  ;ivered 

with  tissue  paper;  the  grev  patch  then  appears  to  be  reddish,  that  is,  of  the  colour 
complementary  to  green,  rlelmholts  regarded  such  phenomena  as  the  result  of  false 
judgment,  and  not  of  changes  in  excitability  of  the  different  parts  of  the  retina.*  It 
certainly  appears  easier  to  explain  eO&tnit  !>..  he  1  lcring  theory ;  excitation  by  one 
colour  indiM  <osite  metabolic  process  in  neighbouring  areas  of  the  re! ina;  if 

two  stimuli  of  opposite  character  arc  present.  .!  ..nsty  side  by  side,  i; 

trastcllect  will  be  most  marked.  In  the  experiment  wiih  tissue  paper,  the  greater 
put  of  the  retina  is  betn  d  DJ  -r,i  "•    :"'  'he  part  of  the  retina  stimulated  by 

the  feeble  white  light  from  the  grey  paper  will  undergo  the  opposite  change  and  pro- 
duce a  sensation  of  red. 

By  means  of  the  stereoscope,  binocular  combinations  of  colour  can  he  obfcn 
["hus,  if  one  eye  is  exposed  to  a  red  disc,  and  the  corresponding  portion  of  the  other 
■  yellow  one,  the  mind  usually  perceives  one  disc  of  an  orange  tint;  but 
itly,  especially  if  there  be  dUfaenCM  of  brightness  or  of  form  in  tbl    hi  • 
.  wo  notice  that  "rivalry  of  the  fields  of  vision"  occurs,  first  one  then  the 
other  disc  rising  into  consciousness.     A  stereoscopic  combination  of  black  and  white 
produces  the  appearance  of  metallic  lustre;  this  is  very   beautifully  shown  with 
figures  of  crystals,  one  black  on  a  white  ground,  Uic  other  white  on  a  black  ground. 
I'robably  the  combination  of  black  and  white  is  interpreted  as  Indicating  a  polished 
surface,  because  a  polished  surface  reflects  rays  irregularly  so  I  hat  the  two  eyes  re- 
ceive stimuli  of  unequal  intensity. 


Changes  in  the  Retina  during  Activity. 

The  method   by  which  a  ray  of  light  ia  able  to  stimulate  the 
endings  of  the  op  ■  in  the  retina  in  such  a  manner  that  a 

*  By  "retina"  here  and  elsewhere  we  mean  ••ccrebro-retinal  apparatus."  We 
have  no  knowledge  of  the  precise  sliare  of  retina  and  brain  In  the  development  of 
Visual  sensations  and  after-sensations. 

3'« 
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visual  Bensation  is  perceived  by  the  cerebrum,  is  not  yet  understood. 
1 1  is  supposed  that  the  change  effected  by  the  agency  of  the  light 
which  falls  upon  the  retina  is  in  fact  a  chemical  alteration  in  the 
protoplasm,  and  is  change  stimulates  the  optic  -tidings. 

The  auaoorery  of  a  certain  temporary  reddish-purple  pigmentation  of 
the  outer  limbs  of  the  ninal  rode  B)  certain  animals  (e.g.,  frogs) 
which  had  been  killed  in  the  dark,  forming  the  so-called  rJiodopsin  or 
visual  purple,  ap]  to  ofRn    same  explanation  of 

matter,  especially  as  it  was  also  found  that  the  pigmentation  dis- 
appeared when  tin-  -i  Ina  was  exposed  to  light,  and  reappeared  when 
the  light  was  ireato        and  also  that  it  -  •  nt  distinct  changes 

of  colour  when  other  than  white  light  was  used.  It  was  also  found 
that  if  the  operation  were   |  rly  enough,  the  bleached 

image  of  a  bright  object  (optogram)  might  be  lixed  on  the  retina  by 
soaking  the  i  an  annual  vrhioh  has  been  killed  in  the  dark,  in 

alum  solution. 

The  rhodopahi  is  derived  in  same  way  bora  the  black  pigment 

(melanin  or  fuscin)  of  the  poljROI ial  •■pithchnni  of  the  retina,  since 
the  colour  is  not  renewed  after  bleaching  if  the  retina  is  detached 
from  its  pigment  layer. 

Certain  pigments,  not  sensitive  to  light,  are  contained  in  the 
inner  segments  of  the  cones.  These  are  oil  globules  of  various 
colours,  red,  green,  and  yellow,  called  chromoplianes,  and  are  found 
in  the  retina'  of  marsupials  (hut  not  Other  mammals),  birds,  reptiles, 
and  fishes.  Nothing  is  known  about  the  yellow  pigment  of  the 
yellow  spot. 

Another  change  produced  by  the  action  of  the  light  upon  the 
retina  is  the  movement  of  the  pigment  cells.  On  being  stimulated  by 
light  the  granules  of  pigment  in  the  cells  which  overlie  the  outer 
part  of  the  rod  and  cone  layer  of  the  retina  pass  down  into  the 
processes  of  the  cells,  which  hang  down  between  the  rods:  these 
melanin  or  fuscin  granules  are  generally  rod-shaped,  and  look  almost 
like  crystals.  In  addition  to  this,  a  movement  of  the  cones  and  pos.si  I 
of  the  rods  occurs,  as  has  been  already  mentioned;  in  the  light  the 
cones  shorten,  and  in  the  dark  they  lengthen  (Engelinann .) 

Dewar  and  McKendriek  were  the  first  to  bIiow  that  the  chemical 
changes  in  the  retina  are  accompanied  with  an  electrical  change. 

Red  light  has  no  action  on  Visual  purple;  the  maximum  bit-aching  effect  takes 
phBB  ill  greenish-yellow  light.      Now,  whin  the  living  cvu  is  brought  n<  mlion 

mi  ••dark  adaptation."  Hi  i(  i-.  »h  lina  haa  become  udaptcd  to  light  of  low 

iuteiiMt J ',   the  colours  of  the  spectrum  iiltcr  in  brigh  e  red  end  becomes 

shortened  and  much  darker;  the  blue  end  becomes  brighter,  and  the  region  of 
maximum  bfhdltBeU  ll  m  the  green.  This  change  of  brightness  with  change  of 
adaptation  ll  ■flKOl  In  the  fovea,  where  there  arc  no  rods,    ll  '■  imiimi  of  the 

'"I  •  spectrum  on  the  visual  purple  is  so  strikingly  similar  to  the  altered 

-lit  mm-  i.i  liriurlitiH-.tN  just  described,  that  ciianges  in  Uic  visual  purple  of  the  rods 
ha.  1  been  supposed  to  be  the  cause  of  scnsatJMii.  •  feeble  illumination 
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eye),  while  the  cones  are  affected  under  more  ordinary  con- 
Thfei 


lathe  "dark-adapted' 

ditioos  of  illumination.  This  conclusion  gains  support  from  several  interesting  facta, 
Visual  purple  is  specially  abundant  In  the  retime  of  almost  nil  animals  whose  habits 
are  nocturnal.  OC  who  live  underground.  Further,  if  the  inlcnsin  of  a  colour  stimulus 
is  gr  reused,  It  at  first  is  too  faint  to  produce  any  .srusntlon  ;  then  it  pro- 

duces a  sensation  of  greyncss,  and  at  last  the  colour  itself  is  seen  ;  the  interval 
between  the  appearance  of  the  grej   or  win  effect  and  of  the  true  OOloUT 

effect  of  the  stimulus  is  spoken  ofas  the  "pkoUhtkromatie  ■'»/■'■  real "     Red  light  has 
no  effect  on  visual  purple,  nnd  has  no  photo  elm uu.lIh  inlfllft]  (ih.it  is.  it  appears 
either  red  or  DOtitfOg),  and  according  In  several  ulMUIUSi  there  rs  DO  IDCfa  intiTval 
at  the  fovea,  where  the  rods  and  therefore  visual  purple,  arc  absent    Thirdly,  a  \ 
similar  affect   lias  been  descrilu  d   In    M'Dmigall,  when  thi  momentarily 

stimulated  by  a  coloured  light ;  the  sensntion  arising  from  the  stimulus  is  followed 
by  m  .sen.-.-.  M  "'  primary  responses"  or  utter  sen  Nations :  the  first  DM  I  the 

series  hit  v.- ih  I  us.  nnd  these  arc  I  olio  wed  by  a 

..  ri.    ,.i  coloark  ii  [grey  i  momUom  ;  the*  u'l-  ■>•  koi  itkeu  are  onb  praenl  Dtttskk 

the  fovea,  nnd  under  conditions  of  "dark  adaptation"  are  absent  with  red  ami  brigfal 
est  with  men  stimuli.     Han  onto  we  arc  able  to  differentiate  btiveca  i   rlM  ■■!- 
purple  (rod)  off  it,  the  fonoera  active  under  conditions  of  feeble 

illutnin  Minn,  affected  meat  by  green,  and  unaffected  by  red  light,  and  yielding  eolour- 
loll  sensations  ;  the  latter  beinit  more  specially  conccnied  in  developing  sensations 

litn.r  under  conditions  of  adan  ramarj  light.    The  fbrea  cantraBi  thus 

becomes  the  region  where  the  cob  fects  are  Iks!  disiiiiL'uishHblc,  and  where 

with  ordinary  illumination  ritual  acuity  is  moat  marked.     In  the  dark,  however. 

.1  foveal  (rodi  vimiiii  Is  more  Mtisitive  than  fovea!  (enm-j  vision  |  astronomers  see 
faint  stars  more  readily  in  the  periphery  of  the  field  or  v 

Two  abnormal  conditions  may  be  described  here,  for  tliey  throw  light  on  these 
phenomena.     In  cases  of  nrhromatopria  t total  colour  blindnessi  the  spectrin 
a-,  a  baud  ot  light  differing   Onlj    in  in  fight  MM  :    tin-   NgtOD   of  maximum   brightness 
i .  the  same  as  in  e\  I  vision  "I  the  normal  aye  :   la  many  of  these  cases  there 

Ii  i  centre]  i  loiwa  i. blind  spoti.  thai  it<  dm  rnrllow  fovea  hi  bitnd  ;  then  k  redi 

a  inly  of  vimiiii  ,is  in  the"  dark  -adapted  "  .  nul  photophobia  (fear  of  strong  light): 
nv/''iymrw(oscillatn  occurs  due  to  absence  of  an  area  of 

disiiiRt  vision.      We  are  thus  in  t.  •  ■-.  of  ID  I iruutatonsia  dealing  with  cases 

ofOOOe  bliiniiirs.  In  nyctalopia  (n)ght  blindness)  on  the  other  lianil,  ivc  meet  the 
con^  HtSon.     Here  tliere  is  an  abnormal  slowness  of  "dark  art  and 

apalhol.  Ms  pirrmmluia  is  pre      i  I  ins  iui  im- 

paired fiiin-  ion  "I  the  iimiiiI  purple.     1'ilocarpirn  drug 

in  mi  ii  is -s,  and  this  is  also  Interesting  because  it  hastens  the  regeneration  of  visual 
parpk  in  tin-  extirpated  eye 

The  electrical  variations  in  the  retina  under  the  influence  of  light  have  been 
recently  rein  vest  tguted  by  Waller.  The  excised  eyeball  of  a  frog  is  led  off  by  non- 
polarisable  electrodes  to  a  galvanometer.  One  electrode  is  placed  on  the  front,  the 
other  on  the  back  of  the  eye.  If  the  eyeball  is  auite  fresh,  a  current  is  observed 
passing  through  the  eyeball  from  hack  to  front.  When  light  falls  on  tin;  eye  this 
current  is  increased  ;  on  shutting  off  the  light  there  is  a  momentary  further  increase, 
and  then  the  current  slowly  returns  back  to  its  previous  couditiou.  Waller  explains 
this  by  si  hat  anabolic  eliangea  bl  the  eye  predominate  during  stimulation 

by  light  with  the  onset  of  darkness,  the  katabolic  changes  cease  at  once,  and  the 
anabolic  more  slowly ;  hence  a  further  positive  variation. 

I .  already  stated,  the  current  in  a  fresh  eyeball  passes  from  buck  to  front  before 
the  stimulus  is  applied,  but  this  cannot  be  regarded  as  a  true  current  of  rest,  but  aa 
a  current  due  to  previous  action  which  very  slowly  subsides.  When  this  hu 
subsided,  the  true  current  of  rest  is  from  cornea  to  fundus,  ■.. . ,  it  is  like  that  of  the 
skin  (see  p.  47 'SJ  ingoing— the  response  to  stimulation  is  like  that  of  the  skin  out- 
going. Waller  has  also  studied  the  electrical  responses  of  the  eyeball  to  other 
methods  of  stimulation  ;  if  electrical  currents  arc  employed,  and  the  eyeball  is  still 
healthy,  the  response  is  always  an  outgoing  current  whatever  may  be  Uie  din 
of  the  electrical  current  used  as  the  stimulus.  These  currents  of  action  arc  no  doubt 
mainly  of  retinal  origin,  but  later  Waller  showed  that  the  anterior  portions  of  the 
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eye.  especially  the  crystallise  lens,  participate  in  their  causation.  The  response  of 
I  lie  eye  to  non-luminous  stimuli  lasts  sonic  time,  and  is  spoken  of  as  a  "  blaze  current." 
An  analogous  response  has  been  seen  in  skin,  plant-tissues,  etr. 

Gotch  has  studied  the  photo-electric  changes  in  the  frog's  eye  bull  with  the 
capillary  electrometer.  He.  like  Waller,  draws  attention  to  the  long  latent  period  and 
sustained  character  of  the  response.  The  photo-electric  changes  are  all  monophasie 
effects,  whether  produced  by  illumination,  or  by  shutting  off  the  light  Gotch 
suggests  there  are  two  chemical  substances  in  the  retina,  one  of  which  reacts  to  light, 
the  other  to  darkness.  Each  reaction  Is  a  change  of  the  same  type,  but  for  the  change 
to  OiYiir  markedly,  the  eye  must  be  previously  adapted,  i.t.,  the  substances  must 
undergo  a  plwse  of  metabolism  under  conditions  opposite  to  those  which  evoke  the 
reaction  effects.  Observations  with  red  and  green  light  do  not  support  the  view 
that  the  photo-chemical  changes  are  of  oppi  >racten,  for  the  photo-electric 

change  is  always  in  the  same  direction,  differing  only  in  period  of  latency,  that  for 

Movements  of  the  Eyeball 

Protrusion  of  the  eyehaUa  ocean  (1)  when  Lhe  bl  nod -vessels  of 
the  orbit  are  congested  ;  (2)  wlp  wotion  of  bbe  plain  muscular 

fibres  of  tin:  oapeule  of  Tenon  takes  place;  these  axe  innervated  by 

the  cervical  sympathetic  nerve;  and  (3)  in  tin  disease  callcsl 
exophthalmic  goitre. 

fietraclion  occurs  (1)  when  the  lids  are  closed  forcibly;  i-i 
when  the  blood-vessels  of  the  orbit  are  comparatively  empty; 
(3)  when  the  fat  in  the  Otfatt  in  reduced  m  quantity,  a3  during 
starvation;  and  (1)  OH  Oir  paralysis  of  the  cervical  sympa- 

thetic nerves. 

The  most  important  movements,  however,  are  those  produced  by 
the  six  ocular  muscles. 

The  internal  rectus  turns  the  eyeball  inwards,  the  external  rectus 
burns  it  outwards.  If  the  superior  rectus  acted  alone,  it  would  turn 
bhfl  eyeball  not  only  up.  it  owing  to  the  sloping  direction  of 

liio  muscle,  the  eyeball  would  be  turned  inwards  also;  in  turning 
l.lir  eyeball  directly  Upwards,  this  inward  movement  is  arrested  by 
thr  outward  bandenoy  of  the  inferior  oblique.    Similarly,  in  turning 

eyeball  directly  downwards,  the  inferior  rectus  acts  in  conjunc- 
tion with  the  superior  oblique.  Movements  in  intermediate  directions 
are  produced  by  other  combinations  of  the  muscles. 

These  muscles  aro  all  supplied  by  the  third  nerve  except  the 
superior  oblique,  which  is  supplied  by  the  fourth  and  the  external 
reOtUfl  by  the  sixth  nerve.     (See  p.  640.) 

The  muscles  of  the  two  eyes  act  BhnnltaneouBlT,  bo  that  images 
of  the  objects  looked  at  may  fall  on  corresponding  points  of  the 
two  retina.  The  inner  side  of  one  retina  corresponds  to  the 
outer  side  of  the  other,  so  that  any  movement  of  one  eye  inwards 
must  be  accompanied  by  a  movement  of  the  other  eye  outwards. 
If  one  eyeball  is  forcibly  fixed  by  pressing  the  finger  against  it  so 
that   it  cannot  foil  nt   of    the  other,  the  result  is 
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double  vision  (rfiV  -cause  the  image  of  the  objects  looked  at 

will  fall  on  points  of  the  two  re-tins  which  •!••  i  ot  Boxreepoad.     The 
same  is  experienced  in  a  the  brain  learns  to 

the  image  from  one  eya 

If  the  external  rectus  is  paralysed,  the  eye  will  squint  inwards; 
if  this  occurs  in  the  right  eye  the  Cake  [mage  will  lie  on  the  left  Bide 
of  the  yellow  spot,  and  appear  in  the  field  of  vision  to  the  right  of 
the  true  image.  If  the  third  nerve  is  paralysed,  the  case  is  a  more 
complicated  one:  owing  to  the  paralysis  of  the  levator  palpebree 
superioris,  the  patient  will  be  unable  to  raise  his  upper  lid  (ptosis), 
and  so  in  order  to  hoc  will  walk  with  his  chin  in  the  air.     If  the 


>  i  •    Wi.-Ui|nm  of  Um  4i*<  of  rotation  to  V  ■  ■    thin  Km  tofllMll  um  or  nUUon,  lb* 

:  Ik  (unttluii  uf  niunruUr  allaciimenl 

paralysis  is  on  the  right  Bide,  the  eyeball  will  squint  downwards  and 
to  the  right;  the  false  image  will  he  formed  below  and  to  the  right 
of  the  yellow  spot,  and  the  apparent  image  in  the  field  of  vision  will 
consequently  appear  above  and  to  the  left  of  the  true  image,  and 
owing  to  the  squint  being  an  oblique  one,  the  false  image  will  slant 
in  a  corresponding  direction. 

Various  Positions  of  the  Eyeballs. 

All  the  movements  of  the  eyeball  t  ce  around  the  point  of 

rotation,  which  is  situated  177  mm.  heboid  rip- centre  of  fhe  visual 
axis,  or  10'9  mm.  behind  the  front  of  the  cornea, 
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The  three  axes  around  which  the  movements  OOOUX  a-ie: — 

1.  The  visual  or  antrro -posterior  axis.     (A  I',  fig.  595). 

2.  The  transverse  axis,  which  connects  the  points  of  rotation  of 
the  two  eyes.     (Tr,  fig.  595). 

The  vertical  axis,  which  passes  at  right  angleB  to  the  other 
two  axes  through  their  point  of  intersection. 

Tli'-  line  which  connects  the  fixed  point  in  the  outer  world  at 
which  the  eye  is  looking  to  the  point  of  rotation  is  called  the  visual 
line.  The  plane  which  passes  through  the  two  visual  lines  is  called 
the  visual  plane. 

The  various  positions  of  the  eyeballs  are  designated  primary, 
secondary,  and  tertiary. 

The  primary  position  occurs  when  both  eyes  are  parallel,  the 
visual  lines  being  horizontal  (as  in  looking  at  the  horizon). 

Secondary  jjositions  are  of  t  •  • : — 

(1)  The  visual  lines  are  parallel,  but  do  ither  upwards  or 


Hi  [«<lntsof  Ul6f«lllMe. 

downwards  from  the  horizon!;  looking  at  the  sky). 

(2)  The  visual  lines  are  horizontal,  bat  oonverge  towards  one 
another  (as  in  looking  at  a  Binall  object  near  to  and  immediately  on 
the  same  level  as  the  eyes). 

Tertiary  positions  are  those  in  which  the  visual  lines  are  not 
horizontal,  and  converge  towards  one  another  (as  in  looking  at  the 
tip  of  the  nose). 

Ti  is  possible  to  conceive  positions  of  the  eyeballs  in  which  the 
Visual  lines  diverge  from  one  another;  but  such  positions  do  not 
occur  in  normal  vision  in  man. 

Both  eyes  are  moved  simultaneously,  even  if  one  of  them 
happens  to  be  blind.  They  are  moved  so  that  the  object  in  the 
outer  world  is  focussed  on  the  two  yellow  spots,  or  other  corre- 
sponding points  of  the  two  retime.  The  images  which  do  not  fall 
■  in  rori  g  points  are  seen  double,  but  these  are  to  a  great 

exteut  disregraded  by  the  brain,  which  pays  particular  attention  to 

B  images  which  fall  on  corresponding  points. 
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The  accompanying  diagrams  will  assist  us  in  umlprstamling  what, 
it  meant  by  corresponding  or  identical  points  of  the  two  retii 

If  R  and  L  (tig.  596)  represent  the  right  and  left  retime 
•ly,  0  and  0'  the  two  yellow  spots  are  identical ;  so  arc  A 
and  A',  both  being  the  same  distance  above  O  and  0'.  But  the 
corresponding  point  to  B  on  the  inner  side  of  0  in  the  right  r 
is  B',  a  point  to  the  same  distance  on  the  outer  side  of  0'  in  the  left 
retina;  similarly  C  and  C  are  identical.  The  two  blind  spots  X  and 
X'  are  not  identical 

Fig.  597  shows  the  same  thing  in  rather  a  different  way;  A  and 
B  represent  a  horizontal  section  through  the  two  retime;  the  points 
a  a',  b  b',  and  c  c',  being  identical.     In  tin*  lower  part  of  tho  diagram 


F».  807.— migrant  to  tfcuw  U»  eorrafpcfid- 
lug  puta  of  both  ratine. 


•y*-  -tit. 


is  shown  the  way  in  which  the  brain  combines  the  images  in  the 
two  retime,  one  overlapping  bo  as  to  coiiu.-ide  with   the  Ofthl 

The  Horopter  is  the  name  given  to  the  SQlfftM  i&  the  outer  world 
which  contains  all  the  points  which  fall  on  the  identical  points  of 
the  retinae.  The  shape  of  tho  horopter  will  vary  with  the  position 
of  the  eyeballs.  In  the  primary  position,  and  in  tho  first  variety  <>i 
the  secondary  position,  the  visual  lines  are  parallel;  hence  the 
horopter  will  be  a  plane  at  infinity,  or  at  a  great  dj 

In  the  other  variety  of  the  secnmlary  and  in  tertiary 

positions  in  which  the  visual  lines  converge,  as  when  looking  at  a 
near  object,  the  horopter  is  a  circle  (fig.  598)  which  passes  through  the 
nodal  points  of  the  two  eyes,  and  through  bhfl  Bxed  point  t.Ii  in  the 
outer  world  at  which  the  eyes  are  looking,  and  which  will  con- 
sequently fall  on  the  two  yellow  spots  (0  and  0").     All  other  points 

his  circle  (II,  III)  will  fall  on  identical  points    of  the    rH; 
Tin."  image  of  II  will  fall  on  A  and  A';  of  111  on   B  ami  !»';  it  is  a 
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sinr  riii'ilii' i!    problem    to   prove    that    0A  =  O'A  ,     md 

=  03'. 

This,  however,  applies  to  men  only,  or  to  animals  with  both  eyes 
in  front  of  the  head ;  in  those  animals  in  which  the  eyes  are  lateral 
in  position,  and  the  visual  lines  diverge,  the  problem  of  binocular 
vision  iH  a  very  different  one  (see  also  p.  713) 


Left   Retina  Right  /tettna 


Nervous  Paths  in  the  Optic  Nerves. 

The  correspondence  of  the  two  retime  and  of  the  movements  of 
the  eyeballs  is  produced  by  a  close  ronnection  of  the  nervous  centres 
controlling  these  phenomena,  and  by  the  arrangement  of  the  nerve- 
fibres  in  the  optie.  nerves.  The  crossing  of  the  nerve-fibres  at  the 
optic  chiasma  is  incomplete,  and  the  next  diagram  (fig.  699) 
gives  a  Bimple  idea  of  the  way  the  fibres  go. 

It  will  be  Been  r.hat  it  ifl  only  the  fibres  from  the  inner  portions 

of  the  retiDB   that  cross;    and    that   those 

represented    by   continuous   lines   from    I  ho 

right  side  of  the  two  retime  ultimately  reach 

right  hemisphere)  and  those  represen 

by  interrupted  lines  from  the  left  side  of  the 
two  return  Ultimately  reach  the  left  hemi- 
re.  The  two  halves  of  the  retime  are 
not,  however,  separated  by  a  hard-and-fast 
line  from  one  another;  this  is  represented 
by  the  two  halves  being  depicted  as  slightly 
overlapping,  and  tliis  comes  to  the  same 
Dg  as  saying  that  the  central  region  of 
each  rciin.i  is  represented  in eaoh  hemisphere. 
The  part  of  the  hemisphere  concerned  in 
i  ion  u  the  occipital  lobe,  and  the  reader 
should  turn  back  to  our  previous  consi.K station  of  this  subject  in 
connection  with  cerebral  localisation,  the  phenomena  of  hemian- 
opsia (p.  689)  and  the  conjugate  deviation  of  head  and  eyes 
i. pp.  689,703). 

Fig.  600,  though  diagrammatiQ,  will  assist  the  reader  in  more 
fully  com p;  g  the  paths  ol    visual   impulses,  and  the  central 

con  of  the  nerves  and  nerve  oncemed  in  the  process. 

The  fibres  to  the  external  geniculate  body  end  there  by  arborising 
around  its  cells,  and  a  fresh  relay  of  fibres  from  these  cells  passes 
in  the  posterior  part  of  the  internal  capsule  to  the  cortex  of  the 
Ipital  lobe.  Those  to  the  anterior  corpus  quadrigeminum  are 
continued  on  by  a  fresh  relay  to  the  nuclei  of  the  nerves  concern  <  I 
In  eye-movements  (represented  by  the  oculo-motor  nucleus  in  the 
diagram);   the  axons  of  the  cortical  cells  pass  to  the  tegmentum, 


llrmliphcrt 
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whence  a  fresh  relay  continues  the  impulse  to  the  ooulfMnbtnf 

nucleus. 

Visual  Judgments 

e  psychical  or  mental  processes  which  constitute  the  visual 
n  1  '  ivc  been  studied  to  a  far  greater  degree  than  is 

possible  i  otion  with  other  forms  of  sensation. 

We  have  ih'-ady  seen  that  in  spite  of  the  reversion  of  tin*  imago 


'MO  -  KH»U'-iu»  of  nervo  cells  and  Dime  'if  vUit*]  ni>|«nitui.    (Sclmftr  ) 

in  the  retina,  the  mind  sees  objects  in  then    proper  position;  this 
is  explained  en  p,  780. 

\Ve  nxe  also  not  conscious  of  the  blind  spot.     This  is  parti}'  duo 

l  that  those  images  which  fall  on  the  blind  8pot  of  one  ej'e 

;ue  not  foeussed  there  U0  the  other  eye.      1  when  one  looks 

at   objects   willi    one   eye,  there  is  BG   bl.ink,  for  the  reason  explained 

on  p.  790. 

Our  estimate  of  the  &iz«  of  various  objects  is  l>ased  pa:ily  00  the 
visual  angle  (p.  779)  under  which  they  are  Been,  but  much  more  on  the 
estimate  we  form  of  their  distance.  Thus  a  lofty  mountain  many 
miles  off  may  be  seen  under  the  same  visual  angle  as  a  small  hill 
near  at  hand,  but  we  infer  that  the  former  is  much  the  larger 
object  because  we  know  it  is  much  f  if  lhan  the  hill      Our 
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estimate  of  distance  is  often  erroneous,  ami  consequently  it'1' 
ate  of  size  also.  Thus  persons  seen  walking  on  the  top  of 
a  small  hill  against  a  clear  twilight  sky  appear  unusually  large, 
because  we  over-estimate  their  distance,  and  for  similar  reasons 
most  objects  in  a  fog  appear  immensely  magnified.  The  same  mental 
process  gives  rise  to  the  idea  of  depth  in  the  field  of  vision ;  this 
idea  is  fixed  in  our  mind  principally  by  the  circumstance  that,  as 
we  ourselves  move  forwards,  different  images  in  succession  become 
depicted  on  our  retina,  so  that  we  seem  to  pass  between  these  ima 
which  to  the  mind  is  the  same  thing  as  passing  between  the  object 
themselves. 

The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  touch.  The 
objects  of  the  latter  sense  are  immediately  present  to  it ;  and 
our  own  body,  with  which  they  come  in  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as  largo 
as  the  part  of  the  hand  receiving  an  impression  from  it,  for  the  part 
of  our  body  in  which  a  sensation  iB  excited,  is  here  the  measure  by 
which  we  judge  of  the  magnitude  of  the  object.  In  the  sense  of 
vision,  on  the  contrary,  the  images  of  objects  are  mere  fraction  i  ol 
the  objects  themselves,  realised  upon  the  retina,  the  extent  of  which 
remains  constantly  tho  same.  But  the  imagination,  which  analyses 
the  sensations  of  vision,  invest; I  the  images  of  objects,  together  with 
the  whole  field  of  vision  in  the  retina,  with  very  varying  dimensions; 
the  relative  size  ol  tho  imago  in  proportion  to  the  whole  field  of 
vision,  or   of   the  affected   parts  of  the  retina  to  the  whole  retina, 

alone  remains  unaltered. 

The  estimation  of  the  form  of  bodies  by  sight  is  the  result  partly 
of  the  mere  sensation,  and  partly  of  the  association  of  ideas.  Since 
the  form  of  the  images  perceived  by  tho  retina  depends  wholly  on 
the  outline  of  the  part  of  Lhe  retina  affected,  the  sensation  alone  is 
adequate  to  the  distinction  of  superficial  forms  from  each  other,  as 
of  a  square  from  a  circle.  But  the  idea  of  a  solid  body  like  a  sphere, 
or  a  cube,  can  only  be  attained  by  tho  action  of  the  mind  construct- 
ing it  from  the  different  superficial  images  seen  in  different  positions 
<-i  dp  <-\     •:.  ir.h  regard  to  the  obj«  u  shown   I  >y  Wheatstone 

and  illustrated  in  the  stereoscope,  from  two  different  perspective  pro- 
as of  the  object  being  presented  simultaneously  to  tho  mind  by 
the  two  eyes. 

Thus,  if  a  cube  is  held  at  a  moderate  distance  before  the  6 
ind  viewed  with  each  eje  successively  while  the  head  is  kept 
perfectly  steady,  a  (tig.  601)  will  be  the  picture  presented  to  the 
right  eye,  and  b  that  seen  by  the  left  eye.  Wheatstone  has  shown 
that  on  this  circumstance  depends  in  a  great  measure  our  conviction 
of  the  solidity  of  an  object,  ••!  of  ii~  projeotiozi  in  relief,     if  dill'-nni 
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perspective  drawings  of  a  solid  l»»ly.  DOO  representing  the  image 

it)-  the  right  ey  .  (fast  seen  by  the  left  (for  example, 

the  drawing  of  a  cube,  a,  b,  fig.  601)  be  presented  to  corresponding 

parts  of  the  two  retinae,  as  may  be  readily  done  by  means  of  the 


Pio.  Ml.— DtagniM  to  Illustrate  how  ■  Joifrntni  of  ■  Agun  of  thru  dlnunriaM  U  obtains*. 

stereoscope,  the  mind  will  perceive  not  merely  a  Bingle  representa- 
tion of  the  object,  but  a  body  projecting  in  relief,  the  exact  counter- 
part of  that  from  which  the  drawings  were  made. 

By  transposing  two  stereoscopic  pictures  a  reverse  effect  is  pro- 
duced ;  the  elevated  parts  appear  to  be  depressed,  and  vice  versd. 
An  instrument  contrived  with  tills  purpose  is  termed  a  psmidoscope. 
Viewed  with  tins  instrument  a  bust  appears  as  a  hollow  mask,  and 
as  may  readily  be  imagined  the  effect  is  most  bewilder 

The  clearness  with  which  the  details  of  an  object  is  perceived 
irrespective  of  accommodation,  would  appear  to  depend  largely  on 
the  number  of  rods  and  cones  which  its  retinal  imago  covers.  Hence 
the  nearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
clearly  are  all  its  details  seen.  Moreover,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  straight  to  it,  so  that 

ABC 
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? 

Flu.  ML— DUKranaa  to  Ulentrats  vtanul  iUumom. 


its  image  shall  fall  on  the' two  yellow  spots,  where  an  image  of  a 
given  area  will  cover  a  larger  number  of  cones  than  anywhere  else 
in  the  retina.     Moreover,  u  previously  pointed  out,  each  cone  in  the 
mis  lutea  is  oannootod  bo  o  separate  satin  of  Demons, 
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rhi  ion  ia  very  great.     If  an  object  is 

look* I  ,tt  with  am  Ay,  U  U  unpoasibli  nuate  its  distance 

by  the  sense  of  vision  alone.    For  instance,  if    odj    aye   is   closed 
and   tl  let  looks  at  a   wire  or  bar,  it  ia  impossible  b 

whether,  if  some  one  drops  a  email  object,  it.  Eells  in  Eront  of  or 

•id  the  bar, 

Visual  judgments  are  not  always  correct;  there  are  a  large 
Qttmber  of  puzzles  and  toys  which  depend  on  visual  illusions.  One 
OE    two  of  the  best;  known   are   represented  in   the   I  nying 

diagrams. 


Pw.  MS.—  Parallel  pouln. 


In  fig.  602,  a,  I),  and  C  are  of  the  same  size;  hut  a  looks  taller 
than  it,  while  c  appears  to  cover  a  less  area  than  either.  The  sab- 
division  of  a  space  or  line  increases  its  apparent  size  or  length. 
In  fig.  602  I),  ab  is  equal  to  be.  Vertical  diatsncSS  also  are  usually 
over-estimated. 

In  fig.  603,  the  horizontal  lines  are  parallel,  though  thftf  do  not 
appear  so,  owing  to  the  mind  being  distracted  by  the  intercrossing 
linos. 
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Nerves  exercise  a  trophic  or  nutritive  influence  over  the  tissues  and 
organs  they  supply.  Some  nerves  increase  the  building-up  stage  of 
metabolism ;  these  are  termed  anabolic.  Such  a  nerve  is  the  vagus 
in   reference   t<»   the  heart;   when  Art  beats 

move  slowly  ox  may  stop,  and  is  thus  enabled  i"  rati  end  repair  its 
waste.  The  opposite  kind  ef  D0TV6*  (katabolic)  are  those  which  lead 
to  increase  of  work,  and  so  increased  wear  and  tear  and  formation  of 
waste  products.  Such  a  nerve  in  reference  to  the  heart  is  the 
srmi 

There  has  been  considerable  diversity  of  opinion  as  to  whetle-r 
trophic  nerve-fibres  ure  u  distinct  anatomical  set  of  nerve -fibres,  or 
whether  all  nerves  in  addition  t«>  their  other  functions  exercise  a 
trophic  influence. 

When  a  nerve  going  to  an  organ  Im  ffasttftflj  of  the  nerve 

itself  beyond  the  cut  constitutes  what  we  have  learnt  to  call 
Wallerian  degeneration,  hut,  the  wasting  process  continues  beyond 
i!m!  nerve;  the  muscles  it  supplies  waste  also,  and  waste  much  more 
rapidly  than  can  be  explained  by  simple  disuse.  The  same  is  seen 
in  the  testicle  after  section  of  the  spermatic  cord ;  ami  in  the  disease 
of  join  Charcot's  disease,  tho   trophic    'hinges  are    to    be 

explained  by  disease  of  the  nerves  supplying  them. 

from  these,  and  numerous  other  instances  that  might  be  given, 
there  is  no  question  that  nerves  do  exert  a  trophic  influence; 
the  question,  however,  whether  this  is  due  to  special  nerve-fibres 
has  been  chiefly  worked  out  in  connection  with  the  fifth  cranial 
nerve. 

After  the  division  of  this  nerve  there  is  loss  of  sensation  in  the 
corresponding  sioY  nf  the  face:  the  cornea  in  two  or  three  days 
begins  to  get  opaque,  and  this  is  followed  by  a  slow  inflammatory 
process  which  may  lead  to  a  destruction  not  only  of  the  cornea,  but 
of  the  whole  eyeball.  The  same  is  seen  in  man ;  when  the  fifth  nerve 
is  diseased   or  pressed   upon   by  a   tumour  beyond  the  GasserUn 
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ganglion,  the  result  is  loss  of  sensation  in  the  face  and  conjunctiva, 
an  eruption  (herpes)  appears  on  the  face,  and  ulceration  of  the 
cornea  leading  in  time  to  disintegration  of  the  eyeball  may  occur  too. 
In  disease  such  as  hemorrhage  in  the  spinal  ganglia  there  is  a  similar 
herpetic  eruption  on  the  skin  (shingles). 

In  the  case  of  the  fifth  nerve  the  evidence  that  there  are  special 
nerve-fibres  to  which  these  trophic  changes  are  due,  is  an  experiment 
by  Meissner  and  Biittner,  who  found  that  division  of  the  most 
internal  fibres  is  most  potent  in  producing  them. 

Those,  however,  who  do  not  believe  in  special  trophic  nerves, 
attribute  the  changes  in  the  eyeball  to  its  loss  of  sensation,     liust, 
etc.,  is  not  felt  by  the  cornea,  and  is  therefore  allowed  to  accumulate 
and  set  up  inflammation.     This  is  supported  by  the  fact  that  if 
eyeball  is  protected  by  sewing  the  eyelids  together  the  trophic  results 
do  not  ensue.     On  the  other  hand,  in  paralysis  of  the  seventh  n« n 
the  eyeball   is  much  more  exposed,  and  yet  no  trophic  disoni 
follow. 

Others  have  attributed  the  change  to  increased  vascularity 
to  disordered  vaso-motor  changes;  against  ti  he  fact  that 

use  of  the    cervical    sympathetic,  the    disordered    vaso-m< 
phenomena  which  ansae  do  not  lead  to  the  disorders  of  nutrition  wo 
nave  described.     Nevertheless  in  trophic  disorders,  it  is  very  ilirfi 
to  be  sure  that  the  disordered  metabolism  is  not  in  part  duo  to 
vascular  disturbances. 

There  can,  therefore,  be  but  little  dou  luive  to  deal 

with  the  trophic  influence  of  nerves;  *   but  the  dust,  Iflh  falls 

on  the  cornea  must  be  regarded  as  the  exciting  cause  of  the  ulceration. 
The  division  or  disease  of  the  nerve  acts  as  the  predisposing  cause. 
The  eyeball  is  more  than  usually  prone  to  undergo  inflammatory 
changes,  irith  \-ry  small  provocation. 

i  in  the  case  of  the  influence  of  the 

vagi  on  the  lungs.  If  both  these  nerves  are  divided,  the  animal 
usually  dies  within  a  week  or  a  fortnight  from  a  form  of  pneumonia 
called  vagm pneumonia,  in  which  gan  1  the  lung  substance  is 

a  marked  charm  Here  the  pre  liaposing  cause  is  the  divie 

of  the  trophic  fibres  in  the  pneumogastrio  nerves ;  the  exciting  cause 
is  the  *  of   MrtiolM  ol  •  i  be  air  passages,  which 

account  of  the  loss  of  sensation  in  the  larynx  and  neighbouring  parts 
are  not  coughed  up.  Another  trophic  disturbance  that  follows 
division  of  the  vagi  is  fatty  degeneration  of  the  heart. 

Many  bedsores  are  due  to  prolonged  o  In   bed  with 

bad  nursing ;  these  are  of  slow  onset.  But  there  is  one  class  of  bed- 
sores which  are  acute;   these  are  especially  mat  with  in  cast 

*  The  proof,  however,  that  there  arc  dtstitwt  ncrvc-fibrcj  anatonrlraJly  u  not 
rtry  ror*ohi»iTe. 
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paralysis,  due  to  disease  of  the  spinal  cord ;  they  come  on  in  three  or 
four  days  after  the  onset  of  the  paralysis  in  spite  of  the  most  careful 
attention;  they  cannot  be  explained  by  Viaoflnotoi  i  I  ee,  nor 

by  loss  of  sensation;  there  is,  in  lactone  doubt  they  are  of  trophic 
origin  ;  the  nutrition  of  the  skin  is  so  greatly  impaired  that  the  mere 
CODtoet  of  it  with  the  hod  for  A  few  days  is  suflii  i  ■  1 1  r  bo  act  as  the 
exciting  cause  of  ih  •  sore. 

It  will  be  no:  iced  that  in  some  instances  of  trophic  disorder  the  nerves  which  are 
Injured  arc  efferent ;  the  muscular  wasting  that  occurs  when  a  muscular  nerve  is  cut 
is  the  best  marked  example  of  this.  In  nerve  itself  Wallerian  degeneratiou  follows 
ill  ■  direction  of  growth,  which, as  a  rule,  Ifl  the  dbacUbn  in  which  the  nerve  transmits 
impulses.  The  acute  Walleriun  change  does  not  actually  leap  synapses,  still  the 
trophic  Influence  of  one  1 1  of  Dcurom  span  a  second  n  i  Hen  the  uxons  of 

tirst  set  terminate  is  shown  by  a  slow  wasting  process,  of  which  chromutolysis 
is  the  pxtndpd  risible  sign.     In  the  peripher  i  if  the  celk  u!  tlie  s|itiml  and 

corre* pond  nig  cranial  ganglia,  tlie  trophic  disorder  follows  a  peripheral  direction, 
while  impulses  arc  carried  in  the  opposite  or  afferent  direction.     The  trophic  infhi 
ben  auist  the  .-.! r«-.iiii  of  Impulse     II  cannol  Ihfl  bo  be  h  sinking  fact  that 

ked  tropblc  disorders  with  which   we  arc  acquainted,  herpes,  acute 
bedsores,  Chari'tV  <1i-iu.-e.  eY'- clianges  after  dhiiioii  or  injury  to  the  filth  nerve, 
vagus  •i!ifuiiinm;i,  etc.,  are  Hue  t . »  mint,  rence   with  sensory  channels.     Loss   of 
u«n  is  tin   great  predisposing  CUM  '.-t  nutritive  mischief, 


•  iTKIi  LVItt 


TUK    UKPKOUICTIVK   ORGANS 


Thk  rape  organs  in    &u   mule   of   tin:    two.  testes 

which  produce  spermatozoa,  and  the  dints  which  lead  from  then, 


mt? 


■  —Plan  of  «  vertical 

. :  i;   llic    arrangement 

IftitjUi  anil  illainrl. 
iluru  havn  bwt. 
Iiardad.    I  a.  Tubull  arm). 

■    Mill       |  ||j,  II)  I    l„ 

m-|*i»'.o    Lot**;    f>,    luliml 
.  r,  ro  to  u»vi 

ini£  iii  thetoiil 
vascujiwl ;    J,  f,  ir,  eoQvo- 
luttd   canal   of  the  ejikli- 
*,    *u   i 

of  Ui«  tunic*  Uti 

I  i,  BtatiUa  pruoeam  run- 

:    in.-       I-  ■.■>,.,.       •!,..      |..|.    ■• 

liaaUouro. 
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Km.  «G4.— .SpcUuii  of  tbn  wMMj 
a  dvc— Tli«  tube  U  cut  In 
plan*,    tuth    uaonvcrarlji    anil    OU 
IWio^ly ;  It  is  a««n  to  b*  lltiod  by  a 
riflaloil    fj.i thf II  .1 
vlilrb   are  wrll  abi  vn.     c.  1  ounce- 


und   in   the   female   <-f   the   two   ovaries  which   produce   ova,  the 
Fallopian  lulus  or  oviducts,  the  uterus,  and  the  vagiii «. 

Male  Organs 

The  testis  is  enolo  membrane  called  the  tunica 

vaginalis,  originally  a  part  of  the  peritoneum.     It  descends  into  the 
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scrotum  before  the  testis  and  -uly  gets  ontiroly  ont 

from  the  remainder  of  the  peritoneum.  There  are,  however,  DU 
animals  in  which  the  testes  remain  permanently  in  the  abdomen. 
The  external  covering  of  the  testicle  itself  is  a  strong  fibrous  caps 
called,  on  account  of  its  white  appearance,  the  tunua  aitntginea. 
Passing  from  its  inner  surface  are  a  number  of  septa  or  trabecular 
which  divide  the  organ  imperfectly  into  loliules.  On  the  posterior 
aspect  of  the  organ  the  caps'  -  a  mass 

of  fibrous  tissue  called  the 
Corpus  Highmorianum  (body 
of  Highmore)  or  mediastinum 
testis.  Attached  to  this  is  a 
much  convoluted  tube,  which 
forms  a  masa  called  the  epi- 
didymis. This  receives  the 
ducts  of  the  testis,  and  is 
prolonged  into  a  thick  walled 
tube,  the  vas  deferens,  by 
which  tho  semen  passes  to 
the  urethra. 

Each  lobule  I 
contains  several  convoluted 
tubes.  Every tubecommenccs 
near  the  tunica  albuginea, and 
terminates  after  joining  with 
others  in  a  straight  tubule, 
which  passed  into  the  body 
of  Highmore,  where  it  ends 
in  a  network  of  tubes,  the  rete 
testis.  From  the  rete  about 
fifteen  efferent  ducts  (vasa 
efferent  ia)  arise,  which  l)ecomo 
convoluted  to  form  the  coni 
va&culosi,  and  then  pass  into 
the  tube  of  the  epididymis. 

The  convoluted  ox    — im- 
niferous  tubes  (fig  GOT)  have  tin-  following  structure:  each  consists 
of  (1)  an  outer  I-  of  Battened  connective  tissue  cells  inter- 

led  wiih  elastic  fibres;  (2)  a  tine  membraua  propria;  (3)  a 
lining  epitheKntn  of  many  livers  of  germinal  cells.  Next  tho 
membrana  propria  is  a  lay  n  of  ooUflj,  some  of  wb&B&l  KG 
ordial  germinal  cells,  othen  are  •>/» rnuxtogonia  produced  from  tin- 
primordial  germinal  cells,  but  differing  from  them  in  structure,  and 
tho  remainder  are  supporting  or  nurse  cells  which  provide  nutri- 
ment for  the  developing  sjh  rm  itOtOO.     More  internally,  between  the. 

3   F 


Kio.  0M._rKaeeetlMi  of  the  ttuol  the  hhvlilnraii  1 1  R 
»UU-   ulaud,  »)i'jwiBB   the   vedeuhr    — ml— h" 
via  defcrenUa.    a.  Lower  euifaca  of  Uw  bladder  at 
tli«  Dl*M  uf  rrflailon  of  tb*  p*rU'*ieum  ;  I,  •.!.*  part 
atava  covered  by  U»  perUuDcuoi ;  i,  left  raa  deferwu*, 


ending  In  r,  the  ej*-ul»tory  dnct;  :he  va 
baa  been  divided  near  I.  and  all  except  the  vaafcal 
portion  haa  bean  taken  away ;  r,  left  vnalcula  eenii- 
nalia  Joining  Uw  uaa  duct ;  i  t.  Uie  rlaht  v*a  de. 
farcti*  and  right  voalcala  aemUulli,  which  haa  bean 
unravelled;  a,  state  atd*  of  tlia  prostata  gland; 
«■.  part  or  the  urethra;  w  »,tl>- 
the  right  oh  turned  a4d*.    (Bailer.) 
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projctin.:  [Hi  icoases  of  the  nurse  f-ells,  if  the 

first  order,  derived   b  sperinat^i.nii    by   lcaryt  .-;  and 

growth.     Still  nearer  the   lumen  of  the  tube  lie  the  spernutocysts 
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PtO,  «W.— Diagram  uf  a  |»illoii  ufaiwuliial  CuOuIp  »Uu«  .f  »|joriuatui>j«.     '. , 

•.Uyonla ;  ft,  sj»rm»locx»U of  Um  llr»l unler ;  «,  i]>erin«loe]niV  of  Ui<» i»oinJ 
.  ;   6,  *permatf<Ja,  «om«  iriili  i-Jtnmeacoairut  of  axial  uUiuoot ;  <i,  a  narae  cell  witl 
and  if.iiii.U'i-  a  in  varliiun  *U«n  of  iler»to]>maut ;  7,  free  «}>ermaluzua  In  lumen  of  tube  ;  8,  por- 
.fnamll*.     (Afl.r  Walifrycr.) 

of  the  second  oro  b  WTG  tho  rjftnghl •■)■  m  !l     of  the  sperniato- 

ril'  the   Ursl  i.i.lnr,  ami   tho  sperrnatoL-ynts  of  tho  second   Ofdex 
give  rise  by  divisions   to  the  b  which  lie  next  the   1 

The  spermatids  heron  timer  ends  uf  the  nurse 

cells,  where  they  lose  their  distinct  cellular  ob  ra  and  become 


-■— .\  ■|,irrnu«1  larplj- 
■MtsnlQi-l.     1.    imtluus.    2, 

. 
Ik»;:.  iwntru- 

••am-a :  0,  «>ium*iic*fu«iit  uf 
axial  m»in«il.  (After  Mevca.) 


-1    Ibr 
latomitlai 
tli«  u*t'»  win  cmUl- 


converted  into  spermatozoa.     Every  spermatid  consists  of  a  cell  body 
uud  a  nucleus  with  (i  nucleolus.    In  the  eell  bodj  near  the  auctene 


on.  cm] 


is  another   n  m   idiosome,  containing   a   number  of 

microsomes.    There  are  also  a  coloured  I  whose 

function  is  oot  known,  and  two  «'onii"som©8  (see  fig.  6( 

The  straight  tubules  consist  of  base  I  onibrane  and  Lining 

cubical  epithelium  only. 

The  interstitial  ii  niiniiive  tissue  of  the  testis  is  loose,  ami  ron- 
tains   numerous  lymphatic  clefts.     tains  in  it,  accompainii 
blood-vessels,  are  strands  of  polyhedral  epithelial  cells,  of  a  yelli 
colour  (inters'  '..),  which  frequently  contain  crystalloid  t- 

The  tubules  of  the  rete  testis  are  lined  by  cubical  epithelium ;  the 
basement  membrane  is  abl 

The   vasa  ejfercntia,  roni  vasrulosi,  and  epid  are   lined 

columnar  cells,  some  of  whiofa  STS  eiliated,  whilst  i  it  hers  are  devoid 
of  '-ili,i,  ami  probably  possess  seeretory  funofckae.  There  is  a  good 
deal  of  muscular  tissue  in  their  walls. 

The  vas  deferens  consists  of  a  muscular  wall  (outer  layer  longi- 
tudinal, middle  circular,  inner  longitudinal),  lined  by  a  mucous 
membrane,  tho  inner  surface  of -which  is  covered  by  columnar 
epitli ■    : 1 1 t  i 

The  tw«t'W«cs#mtTwx/«5(hg.60C)are  outgrowths  of  the  vasa  deferent  ia. 
Kaidi  is  a  much  convoluted,  branched,  and  sacculated  tube  of  structure 
similar  to  that  of  the  vas  deferens, 
except  that  the  wall  is  thinner,  and 
the  lining  epithelium  is  often  of 
transitional  character. 

The  penis  is  composed  of  cavernous 
tissue  covered  by  skin.     The  caver- 
nous  tissue   is  collected   into  three 
tracts,  tho  two  corpora  cavernosa  and 
the  corpus  spongiosum  in  the  middle 
line   inferiorly.     All    these  are 
closed  in  a  capsule  of  fibrous  and  plain 
muscular    Mono;    the    septa    wl 
are  continued  in  from  this  OapC 
Eol  DO  the  '"-lindanes  of  the  Of 
venous   spaces    of   the    tissue.     The 
arteries  run  in  the  septa;  the  capil- 
laries open  into  the  venous  spaces. 
The  arteries  are  often  cal:  !m, 

as  in  injected  specimens  they  form  twist.  1  loops  projecting  into  the 
nous  spaces  (see  also  p.  313).    The  structure  I     i       I  rethra  and 
prostate  is  described  on  pp.  341-54& 

The  Spermatozoa,  lus]  D  a  richly  albuminous  fluid, 

stitute  the  semen      I  rmaWoon  consists  of  &  head,  a  very 

short  neck,  a  body,  a  tail,  and  an  end-piece.     The  bead  is  of  flat 
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ranllUrM;  ft,  vrtkKtOf  U>*  TtttUOttiK 
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ovoid  shape,  u  team  two*thirdjB  of  its  extent  la  surmounted 

by  a  bead-cap  whii-h,  si.  unity,  forms  a  enl 

edge.     The  neek  i  hort.  but  contains  two  centrosoraes.     The 

body  is  about  the  saun  length  as  the  head;  it  is  traver.- 
ixi.ii  EUament  iad  :i  spiral  fibril  wound  round  the  shoal 
axial  filament,    M< ■I-.-  externally  is  ■  layer  of  ponctifonn  sol   I 


B 


Its.  tol«— ■fcrnl.iII«kT»ii.in»l:  in  (A 

human  ijMinnatOB 
vi«w.     i     i  U  ut  tip  mi 

».  Th» 
■Ylal  tllamir.i  mm  through  Oic  bnrty  anil 
u'l  Into  Ul»  riiil-pltC*. 


i '      '•].'.-  pbcnua    of 

|«rt  Of  *  tinman  ajjet- 
m»lon«n  lilh'lil»'  nia«t- 
nlDwl  (after  Movm). 
btf4i 
8,  anterior  •vntpiaomn 
aMk)  4,  [KMtorlor 

axial  lilainout;  8,  spiral 
ahnath ;  7,  IMftto  of 
axial  I 

8,nitt44'li'iniiiuiUli*aUi; 
U,  aoruilm  ;    10. 
•tioattiuf  axial  filament 
In  tall. 


ealled  the  mitoohondrial  sheath  irhieb  tea  ie  at  the  junction 

v.-iih  the  tail  on  .in  annular  dieo      rhfl  axial  filament  is  continued 
through    t.hr-    tail    into    the   Bud-piecei  snd   in   the  tail   is  sur- 
ied    by    thick    Blieath.      In    BOOM    animals,    newts   and    Bala- 
Enaadere,  the  tail  is  surrounded  '  niombv.uie,  but  this 

is    not   present   in    the    human    sponuatuzoon.      The   head    of    the 
m   is  formed   from   toe   nucleus  of  the  spermatid,  the 
head-cap   from    tin1    i  the   oentrosomea  of   the    spero 
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pass  to  the  neck  of  the  spermatozoon,  and  the  cytoplasm  of  tfca 
spermatid  is  transformed  mto  the  parts  of  the  body  and  tail  of  the 
spermatozoon. 

Female  Organs 

The  Ovary  is  a  solid  organ  composed  of  fibrous  tissue  (stroma), 
containing  near  its  attachment  to  the  broad  ligament  a  number  uf 
plain  muscular  fibres.  It  is  covered  by  a  layer  of  cubic!  ells,  the 
so-called  germinal  epithelium,  which,  in  young  animals,  is  seen 
lipping  down.  Iicre  ami  there,  into  the  stroma.  The  Stroma  W  ■  itains 
a  number  of  yellow  polyhedral  cells  similar  to  the  interstitial  cells 
of  the  testicle. 

Sections  of  the  ovary  show  that  the  stroma  is  crowded  with  a 
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Km.  61*.— OtafnmmaUc  rt*«  of  ta*  auru  m>l  ru  appeailaaae,  ee  mo  from  hehlnd.  The  nt»rut  end 
upper  put  oT  the  npm  ha*e  tea  UM  open  by  mnui  lu<  U>*  j«»UJk.r  wall ;  ik#  Faltupia*  to  tie, 
ronwt  il$uneat,  b<  '**!.  rut  »hon.  ami  w  broad  UfMarat  removed  cm  Ui» 

left  •*!• ;  •,  the  ujv»i  part  of  the  ulmii ;  r.  lt»  ta  (lie  ■.*  internum  ;  Uh  triangular 

•hap*  of  tlM  ntertae  tmntjr  la  ahown,  and  the  dilatation  of  the  cervical  cavity  wtth  the  nape  tenbed 
artur  vlt» ;  a,  upper  part  of  the  vagina. ;  oW.  FhUoptaa  Uta  or  Oatdort :  the  narrow  ■.•■mmuniceUou 
of  tU  cavity  wiUi  that  of  the  com  of  tha  ilmu  am  each  aide  la  aarn ;  I,  fmuiO  llnrnaat :  la,  Una- 
meat  of  eh*  (,.ax>  ;  a,  onrj ;  I,  «VU  mi  im  rt*nt  falJopUn  tabe;  i,  lu  fimbriated 

« ttrvciity  ;  po.  parovarium  :  ».  one  of  the  hydatlde  tr^aceUy  fuon.1  connected  with  tin  broad  Uaa- 
mrat.     i-    (Allen  Thuinam.) 

number  of  routdfid  cells,  the  owytr*,  derived  from  primitive   germ 
cells,  which,  in  the  early  stages,  were  intermingled  with  the  ee 
the  germinal  epithelium.     There  are  also  numerous  vesicles  of  differ- 
ent sizes  which  are  called  let.     The  smallest  follicles 
are  near  the  surface,  the  largest  are  deeply  placed,  but  as  they  ex- 
pand they  again  approach  the  surface,  and  ultimately  rupture  upon  it 
A  Graafian                has  an                I  will  formed  by  the  stroma ; 
this  is  lined  internally  by  a  layer  of  cells  derived  from  the- 
epithelium  m\                   is  the  oocyte      u  .1  lata  stage  tin- 
two  layers  of  celli  roundlmj 
the  oocyte,  but  the  two  are  close  together.     A  viscid  fluid  collects 
between  the  two,  and  as  ti         Hiole  grows,  separates  them. 
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Tho  cells  in  each  layer  multiply,  and  are  effl  arranged  ^iu 

several  strata.    The  lining  epithelium  of  the  follicle  u  then  called 


x 


Kio.  ah.— View  of  a  accttoa  of  tb»  wary  of  tK«  cat.    1 ,  Outer  oovtriufl  and  frpe  bonier  of  lbs  <i  I 
attach*!  border;  ",  the  ovarian  «wmi,  printing  a  fibrous  anil  taicular  structure:  8,  p 

■ubatani-e  lying"'.  Uloud-VManl*  J  5,  Ovlnenn*  In  t)i«lr  • 

occupying  a  part  of  the  granular  laywr  near  the  aurfaoe;  6,  oviecrru  whlcb  have  lay  in  to  mlarm 
and  to  pain  mor»  de*ply  into  tb»  ovary ;  7,  o«»nna  ronrnl  which  the  Qmflu  follicle  and  tunica 
uranaloaa  am  now  formed.,  and  which  bare  puaaad  auiunwhat  deeper  into  tbn  ovary  and  ara  mirroumled 
by  the  llbrcma  atroma;  8,  tuore.  advanced  tiraanan  follicle  with  the  ovum  Imbaddsd  In  the  layer  of 
oalli  njjutttuunc  the  prolUerum  din: ;  B,  the  moat  advanced  follicle  containing  the  ovum,  etc;  9  , 
a  follicle  from  Which  the  ovum  hat  accidentally  Mapad ;  ID,  tarffOa  luti'tim.     (JVhr. .  n . ) 

i.l M  memhrana  granulosa,  and  the  heaped  mass  of  cells  around  the 
ovum,  the  di*cus  proligerus.     Tht>  fluid   increases  in   quantity,  the 


■'■  '.li*  ovary  i  ian  follicle;  C, 

struma  of  ovary  ;  i    • .  raal 

boa  wlii.h  •  (V.  l>.  Hi 

follicle  becomes  tenser,  and  finally  it  reaches  the  surface  of  the  OCgail 
and  bursts;  the  ovuui  set  free,  ami   is  seized  by  the  fringed 
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endfl  of  the  Fallopian  tube  ami  I  isses  to  us.     Tin- 

Imrsi :  (ri.i;il:.i[i  follicle  QSUall]  oieiirs  abuut  the  time  of  men- 

struation. 

After  the  bursting  of  a  Graafian  follicle,  it  is  filled  up  with  what 
is  known  as  a  corpus  luteum.     This  ib  derived  from  the  wall  of  the 


<--.: 


Fwi.  «!rt.— Corpora  latta  of  dlffc  U,  Corpm  lutenoi  of  about  th«  tulh  wHk  an>»  imbrue- 

MIIcm  .  Ita  jillrawd  form  at  that  p«riwl.     I,  futalanee  ut  '.Iworipr;  J,  tub«U»c- 

corjiiit  1iit««uni ;  isnlnm  In  IU  carttr.    (l*»t«t  «  km  lutoini  twod*}»  «rtrr 

try  ;  I»,  la  Uia  mirth  »a»k  aTl«  iloJlvwjr.    (Mun  ternary. ) 

follicle,  ami  consists  of  columns  of  yellovi  ceUfi   leveloped  from  the 

yellow  cells  of  the  nuuibltlia  granulosa;  it  contains  a  blood-clot  in 
ita  centre  These  cells  multiply,  and  their  strands  get  folded  and 
converge  to  a  central  strand  of  connective  tissue ;  between  the 
columns  there  are  septa  of  connective  tissue  with  blood-vessels.  The 
corpus  luteum  after  a  time  gradually  disappears;  but  if  pregnancy 
supervenes  it  becomes  larger  and  more  persistent  (see  fig.  616).  The 
following  table  gi\  mcts  in  the  life-history  of  the  om 

oorpu  i  of  iniMisiriiatioi;  red  with  thai  of  pregnane/: — 


Corpus  Luteum  of 
Menstruation. 


Ounmmlh     . 


I  ir.<   . 


Sir  rii 


•Vim*  r»n 


Corpus  Luteum  of 
Pregnancy. 


Three-quarters  of  an  Inch  >n  (fiametCf  i    central  clot  reddish  ; 
voluted  wall  pi 

Larger;    convoluted    wmfl    liright 
yellow  ;  riot  skill  reddish. 


Smaller  ;    i  1   wall 

bright  yellow;  clot  still 
llflfllwll 

oed  to  the   condition 
of  an  InrigidBwl 
trlx. 

Absent. 


•ighths  of  an  inch  in  dia- 
r;  convoluted  wall  bright 
yellow :      <lut     perfectly     de 
colorised. 
Still  as  large  as  ak  end  of  second 
month  :   clot  fibrinous  j  convo- 
luted wall  pi. 
Om   half  an    inch   in   dial 

•  1 1    clot   converted   into  a 
radiating  cicatrix  .  the  <\temal 
wall   tolerably  khirk   and   con 
voluted,  but  without  my  bright 
yellow  colour. 
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1 1  baa  bean  suggested  that  the  corpus  lntotun  jialda  an  internal 
Htintioii,  kha  efFect  of  which  is  to  assist  gestation  in  some  at  present 
unknown  way. 

Many    of   tho    Graafian    follicles   never  burst;   they  attain   a 


— .  Nuclona  or  gwmlMl  vMlele. 
i'«la«orgermtn*J 

....  Npaoe   Inft   l.y   retraction   of 
protoplaam. 

.-_  ProtopUirn   containing  yolk 
spherule*. 


.: 


F».  «J17.— A  human  uvumi.    (CaHUt.) 


cortain  degree  of  maturity  even   during  childhood,  then  atrophy 
and  disappear. 

The  ovarian  ovum  01  I  of  the  6rot  order  (fig.  617)  is  a  large 


© 


§j$ 


a 


mm  dinning  mole  of  derrlr-pmnnl  of  oocyte*  of  the  Aral  onl«r  from  primitive  g»rni  calla 
•-niinaiur.  ovary,  pttMltam;  '.',  jiiiiiidvB  RBrni  odla;  l.ooBxda;  4,  oocytat  of 

,-CTni  calls  am  smii  ImbodtladlntheijaTniitialepitlirn a 
)i  x  primitive  uarm  ••«u  i>»*  Me«coml*l  liit»Ui*rti«Mriaof  thaovary  accompanied  : 
from  the icwinlnal  epiUielhim  »LMi  will  baeunie  Uie  relit  of  tlin  mrmhratia  Kraiiuloaa..     InC,  tka 
oogcmta  derived  fr  md  oocyte* 

QORoola,  an  Men.    (.trt«r  nulilur.) 

spheroidal  cell  surrounded  by  a  transparent  striated  membrane  called 
the  zona  pdlwnda,  or  zona  striata.     The  protoplasm  is  filled  with  large 
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fatty  and  albuminous  granules  (yolk  spherules),  except  in  the  part 
around  the  nucleus,  which  ia  comparatively  free  from  these  granules. 
It  contains  a  nucleus  which  has  the  usual  structure  of  nuclei ;  there  is 
generally  ono  very  well-marked  nucleolus.  The  nucleus  and  nucleolus 
are  still  often  called  by  their  old  names,  germinal  vesicle  and  germinal 
spot  respectively.  An  attraction  sphere,  not  shown  in  the  figure,  is 
also  present,  and  a  >  ibmne,  tho  vitelline  membrane,  ia  said  to 

lio  between  the  protoplasm  and  the  bods  pelluoida. 

The  oocytes  are  developed  from  the  primitive  germ  eeUswbioli 
in  the  asxHeel  stages  are  interspersed  between  the  cells  of  the  germinal 
epithelium  The  primitive  germ  cells  divide  and  produce  oogonia; 
by  the  division  of  the  oogonia,  oocytes  are  formed  (fig.  618).  As 
the  oogonia  and  oocytes  are  developed  they  sink  into  the  stroma, 
surrounded  by  cells,  produced  by  the  proliferation  of  tho  germinal 
epithelium,  which  are  destined  to  form  the  membrana  granulosa  and 
the  discus  proligerus, 


Vu>.  <lt  e>Cjtal  of  Ui»  Inning  mwrotmuwof  a  humau  nUran  at  iba  period  of  oonnn«iic!t.g  ].i*gBanc)r, 
•howiog  tho  arrangement  of  tl»»  ulan  1»,  J,  I.  <1,  wltlt  tbeir  orlflcM,  >\,  a,  a,  on  tho  Internal  aurfaoa 
of  Uir  orxan .     T»i--»  Urn  mtural  « 

The  Fallopian  tubes  have  externally  a  serous  coat  derived  from 
tho  peritoneum,  then  a  muscular  coat  (longitudinal  fibres  outside, 
circular  inside),  and  most  internally  a  very  vascular  mucous  mem- 
brane thrown  into  longitudinal  folds,  and  covered  with  ciliated  epi- 
thelium. 

The  uterus  consists  of  the  same  three  layers.  The  muscular 
OOftt  is,  however,  very  thick  und  u  made  up  of  two  strata  imperfectly 
separated  by  connective  tissue  and  blood-vessels.  Of  these  the 
thinner  outer  division  is  the  tnie  muscular  coat,  the  fibres  of  whiidi 
are  arranged  partly  longitudinally,  partly  circularly.  The  inner 
division  Is  very  thick;  its  fibres  run  chiefly  in  a  circular  direction; 
iniries  <>f  the  uterine  glands  extend  into  its  internal  surface. 
It  is  in  fact,  a  much  hypertrophicd  muscularis  mucosae. 

The  mucous  membrane  is  thick,  and  consists  of  a  cerium  of  soft 
conn«.'  sue,  lined  with  ciliated  epithelium.  Ibis  is  continued 

down  mto  long  tnbulat  glands  which  have,  as  a  rule,  a  convoluted 
OOUrae      In  the  cervix  the  glands  are  shorter.    Near  the  oe  uteri  the 
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DEVELOPMENT 


The  description  of  the  origin  and  formation  of  the  tissues  and  organs 
constitutes  the  portion  of  biological  science  known  as  embryology. 
All  one  can  possibly  attempt  in  a  physiological  text-book  is  the 
merest  outline  of  the  principal  facts  of  development. 

Tn  our  descriptions  we  shall  Bpeak  principally  of  the  develop- 

it  of  the  mammal;  it  will  not  be  possible  to  do  so  altogether, 

for  many  of  the  facts  which  are  believed  to  be  true  of  the  mammal 

(man  included)  have  only  been  actually  seen  in  the  lower  animals. 

That  they  ikjcui  in  the  higher  animals  is  a  matter  of  infere 

It  will,  however,  add  interest  to  the  subject  to  draw  some  of  our 
descriptions  from  the  lower  animals;  for  the  scientific  discussion  of 
embryology  must  always  start  from  a  wide  survey  of  the  trhotfl 
animal  kingdom,  Uv.iuse  the  changes  which  ocour  in  tho  embryo- 
logical  history  of  the  highest  animals,  form  a  compre^rd  j .  i .  •  i 
of  the  changes  which  have  taken  place  in  their  historical  develop- 
ment from  lower  types. 

The  Ovum. 

The  human  ovum  is  like  that  of  other  mammals,  a  small  cell 
about  -,.!*  to  -i-Jtt  BMih  iu  diameter. 

The  changes  by  which  the  ovum,  or  ;i  portion  of  the  ovum,  is 
transformed  into  the  young  animal  may  take  place  either  inside  or 
outside  the  body  of  the  parent.  If  they  take  place  inside  tin-  parent, 
as  in  mammals,  including  the  human  subject,  the  ovum  is  small,  and 
the  nutriment  necessary  for  its  growth  and  development  i-  derived 
from  the  surrounding  tissues  and  fluids  of  the  mother.  If  the 
development  takes  place  outside  the  parent's  body,  as  in  birds,  the 
egg  is  larger;  it  contains  a  large  amount  of  nutritive  material 
called  the  yolk,  and  it  may,  iu  addition,  l>e  surroundod  by  sheaths  of 
nutritive  substance.  Thus,  in  the  lien's  egg.  the  yellow  part  alone  is 
comparable  with  the  mammalian  ovum,  and  the  larger  part  of  that 
is   merely  nutritive  substance;   upon   it   is   a   whitish   speck,  the 
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cicatricula,  about   J  of  an   m< 
diameter.     In  the  cicatricula  lies 
the  nucleus  or  germinal  vesicle, 

It  is  this  small  mass  of  proto- 
plasmic substance  which  divides 
Mid  grows  to  produce  the  chick ; 
the  yolk  and  the  surrounding  white 
being  used  as  food 

Ova  hen's,  in   which 

only  a  small  part,  the  cicatricula, 
divides  and  grows,  are  called  mero- 

LC.  Small  ova,  with  little  food 
jrolk,  such   as   the  human  ovum, 

la  completely  during  develop- 
ment,, and  are  called  Imloblastic, 
but  Qomaroufl  gradations  occur 
befcvoen  tbe  bwc  extreme  types. 

The  structure  of  the  mammalian 
ovum  ami  its  mode  of  formation 
have  already  been  considered 
(p.  824),  but  before  Buch  an  ovum 
MB  develop  il  must  first  bee 
mature,  and  then  it  must  be  im- 
pregnated by  the  eutrauce  of  a 
spenuatozi  hi 


PW.  «i0.— Diagram  ibmrin^  Um  fannaUoa 

1-Jar  bxlioa(m»t« ration  of  U,,    ivuin)      i,  Ii, 

•bow  atam  lu  tbo  forniatlcm-jf  the  Orrt 

polar  bo.ty  by  h*Uir,tyi*  mit-wlv    A  I*  Ui« 

OOfCta  ,,T  UM  Til. I  i.ir.lnt  «t  tho  i  ijiro-i' 

of  mltodi,  when  only  lulftV  usual  number 
•  it  rhr,imn»orne«  appear.  C  l»  tli*  oocyte  of 
U»w  .  it  has  noilK 

bmuM  no  reellng-ata^e  ocean ;  After  the 
ws*r»lltiii  of  the  nr«t  |-jl»r  body,  Iborlnviu'i- 
•Qinnvrlilch  remain  In  the  oocyte  uM  he  acvuuil 
It  one*  rearran*?)  tbetnaelvea  an  ■  )«n» 

I'   1%  Un   mature  in 

inneletu  an  I  tnr-  two  polar  bodlea. 
1.  Pint  [<jUt  bu,l;  S.  flrat  pOUT  h 
■MOni  polar  ludy;  t.ehrOTiuaoniasunajiindle 
vie  of  A  rat  onlar;  6,  iou«  »t.rl»U ;  0, 
vitelline  membrane;  T.datqshWrchroaioaomae 
In  Dnt  polar  bad ;  s,  female  proonr.kmt. 


Maturation  of  the  Ovum. 

It  will  be  rem-  I  hat  the 

tjerm  cells  which  form  the  ova 
are  at  first  embedded  in  the  ger- 
minal epithelium,  from  which  they 
pass  into  the  Btroma  of  the  ovary, 
and  then  by  division  and  growth 
they  form  oogoniu,  from  the 
oogonia,  oocytes  of  the  first  order 
are  developed,  and  the  oocytes  of 
the  first  order  become  enclosed  in 
Graafian  follicles.  It  is  the  process 
by  which  the  oocytes  of  the  first 
order  become  con  verted  intomature 
ova,  which  is  known  us  mature! 
and  it  consists  essentially  of  a 
double  mitotic  division  uf  the 
oocyte,  each  division  producing  two 
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unequal  parts.  The  lirst  division  produces  an  oocyte  of  the  second 
order  and  the  tirst  polar  body,  and  tho  second,  which  takes  place 
without  any  resting-stage,  results  in  the  formation  of  the  mature 
ovum  and  the  second  polar  body.  Thus,  when  the  two  divisions  are 
completed,  tin  and  two  polar  bodies  lie  inside  the 

zona  piUiicid.i.  To  some  cases,  ouly  one  polar  body  is  formed,  that 
is,  only  one  division  occurs. 

The  unequal  division  is  naturally  associated  with  an  eccentric 
position  of  the  spindle.  At  each  division  one  end  of  the  spindle 
projects  in  the  surface  with  a  little  surrounding  protoplasm,  and  it 
is  the  small  process  which  becomes  the  polar  body. 

One  of  the  essential  features  of  maturation  is  the  reduction  of 
■mil>er  of  chromosomes  in  tho  nucleus.     It  is  well  known  that 
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•■••1.— Iltagmn  showing  the  sum*  in  the  m»tur»M<ui  ■■!  tho  ovum  when  the  lint  polar  body 
■IIvIiIm.    A  «lmilar  •Marram  wualil  reprweiil  lh»  form* II- in  at  *p»nnali<U  from  ■  «|wnnav  i 
Clin  Ural  r.nlor.     1,  Oocyte  ufUia  Una  mder  ;  J.  oocyte  of  the  aeoutnl  order ;  iti,  DnU  polar  boily  .  t. 
malum  ovum  :  Su,  eeoond  polar  body  ;  Sol.  and  Su,  daughter  eelli  of  the  Ami  polar  Ludy.     All  the 
lut  KtaaraUoD  In  the  malo  would  bn  i  peraul.df  of  equal  value. 

the  nuclei  of  all  animal  cells,  including  germ  cells  and  oogonia,  con- 
tain a  definite  number  of  chromatic  particles.  When  maturation 
commences  in  the  oocytes  of  the  first  order,  an  achromatic  spindle  is 
formed  lO  the  usual  way;  l».ii,  instead  of  the  ordinary  number  of 
chromosomes  appearing  at  its  equator,  only  half  that  number  are 
seen :  for  example,  if  eight  he  the  normal  number  of  chromosomes, 
••  four  appear.  Further,  seefa  clirotaOBame  is  not  a  slender  V-shaped 
loop,  but  a  short,  thick  i  od,  or  ring,  or  group  of  four  particles.  Neither 
does  it  split  longitudinally  in  the  usual  way,  but  transversely;  and  at 
the  end  of  the  process  the  oocyte  of  the  Becond  order  and  the  first 
pi.1.11  body  lintli  ttiiiiUiu  four  tliroiniisomes.  This  form  of  mitoBis  is 
Known  as  lu.Mfriit  vpc.  whilst    the   ordinary    form   is  called  homotyjKJ. 

The  second  dividon  whiofa  produees  the  mature  ovum  and  the  second 
polar  body  is  of  the  homotype  form,  and  the  final  result  is  that  each 
of  the  Begun  i  which  the  oocyte  of  the  first  order  has  divi 
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•  mature  ovum  Bad  the  two  polar  bodies — contains  half  the 
number  ol  ohromosomee  present  in  the  parent  germinal  cell.  In 
some  cases    the   first    |  iivides  at  the  same  time  that    the 

second  polar  body  is  formed,  and  the  process  may  |<-  represented  by 
the  Bahama  is  fig.  62L 

The  nucleus  of  the  mature  ovum  is  known  as  the  female  pro 
milieus. 

Impregnation. 

By  impregnation  is  meant,  the  union  ol  a  spermatozoon  with  bo 
ovum.     The  spern  a,   moving   by    the    tlagellar    mOTODUtOt  of 

, ids  tail  ;  he  mature  01  am 


\ 


-XOM*       MklVClOA 


POUR 

i  Ktmntt 


IV      |  -'J.— Tim  r«rllll*Ml  arum   a   l>lMUM|>lierv, 
•howln..-    IU    d«w    tiuctaia    t.n\    a. 

■jihiT'  I  ranulca  have  Inn 


in  the  upper  pari  of  ihe  raliopiaii 

.mil  by  means  oJ  its  sharp 
head  cup  it  piercee  the  zona  pel- 
Luoida,  and  the  !  i  I  ,  and 

poeaibly  part  of  the  bedj .  entes 
the    Bnbstanoe   of  am, 

where  they  undergo  tranafaona- 
t  i-  -ii,  and  ;ira  converted  into  a 
I  in  -nucleus  with  an  attendant 
1 1  -ii  sphere  and  its  centro- 
BOme.  The  male  pronucleus  eou- 
Lairis  the  same  number  of  ofaro] 
somes  as  the  female  pronucleus, 
for  the  mitosis  which  occur  when  the  spormatocyst  oi  the  Brat  order 
divides  to  form  the  two  ipennatoOTStfl  of  the  second  order,  is  a 
type  mitosis,  in  which  only  half  the  usual  number  of  chromo- 
somes appear;  and  consequently  the  sjwrmatocyBtB  of  the  Bf 
ordez  ana  their  descendants  the  spermatids,  also  contain  only  half 
the  typical   iiiiiiiI-  tiromoaomBB.      These  are   retained  in  the 

oatosoa,  which  axe  produced  bj   modificatiorj  of  the  spermatid, 
hey  reappear  in  the  male  pronucleus. 
After  the  male  pronucleus  has  forme  I   in  the  substance-  of  the 
mature  ovum,  it  approachei  the  female  pronucleus,  and  when  the 
Lw<»  pronuclei  fuse,  fertilisation  is  completed.     The  nucleus   wlm  h 
results  from  the    fusion   -the    liist  segmentation   nucleus — contains 
pica)  ii.imln'i-  of  ohroo  '-somes. halt  being  deri veil  from  tho  female 
and  half  from  the  male  -ei -initial    element.      When  the  fertilisation  is 

completed,  the  segmentation  nucleus  is  aooompaaied  by  two  attrac- 
tion spheres  with  their  centrosomos  (see  tig.  B22) ,  one  of  these  spheres 
is  that  ass  ■  the  male  pronucleus,  but  the  origin  of  the  other 

is  uncertain.  It  may  belong  to  the  ovum,  though  it  was  not  apparent 
during  the  maturation,  or  ;t  may  bftVB  been  produced  by  the  di- 

Bentroeome  ami  attraction  sphere  which  accompany  the 

pronucleus. 
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Segmentation. 

i  -i  tiliRation  is  eomplei  Ovum  d]  spirts; 

if  these  again  divides, and  bo  on  till  a  malbe  'I  ihwb — 

the  morula — is  formed.     It  consists  of  a  large  nnmlier  of  small  cells, 
in  1  ir  is  enclosed  together  Willi  the  polar 
bodies,    in    the    BOM   peUuoida.     The   j.olar 
Iwdiessoon  disappear;  indeed  m  many  cases 
they  Inv.  ■•  1 1 it-  morula 

is  completed.     \  m  appears  in  the 

morula,  which  thus  becomes  converted  into 
u.isttiia  or  blastocyst.    The  oellfl  which 
»rm   the  ]>eripheral   wall   of   the   hlaslula 
assume  s  more  or  less  cubical  form,  whilst 
those  wliioh  lie  in  the  Into  rioi  and  form 
inner  cell  mass  are  irregular  in  outline,  an<i 
they  are  grouped  together  at  one  pole  oi  the 
hlastula.      At   tin's   period    tin-    hlastula    is 
unilaminar,  except  at  the  region  where  I 
inner  cell  mass  is  situated,  but  BOOO 
i  -Ha  of   the   inner  mass   extend   round 
cavity  and  the  wall  of  the  cyst  becomes 
bilaminar.     In  umphioxus  and  in  many  in- 
vertebrates the  blastula  is  at  first  entirely 
iinilaminar,  no  inner  cell  mass  being  pMSi 
In  these  I  by 

the  invagination  <>f  a  part  of  the  wall  i»f  the 
'vesicle,  and  the  opening  at  which  the  in- 
vagination occurs  is  known  as  the  blastopore 
or  primitive  mouth. 

If  the  surface  of  a  bilaminar  mammalian 
blastoderm  is  examined,  an  area  is  found 
whiuh   is  darker  or  more  opaqn  tin- 

rest;  this  is  the  area  where  the  embryo 
will  be   formed,  and  it  is  known  as  the 

germinal  or  embryonic  area  (fig.  634).  It  corresponds  with  the 
region  where  the  inner  mass  is  adherent  to  the  outer  layer,  and 
in  it  the  opiblast  cells  are  of  cubical  or  columnar  form,  whilst  over 
the  remainder  of  the  wall  of  tho  vesicle  thoy  have  been  transformed 
0  tlattoned  plates  |  irst  the  germinal  area  is  circular. 

thon  it  becomes  ovoid,  and  ultimately  pear-shaped,  the  narrow  part 
of  tho  poar -shaped  area  indicating  t:  D  of  the  post)  1  of 

tho  body  uf  the  future  embryo  (fig.  628).  A  linear  streak— the 
primitive  streak— quickly  appears  in  tho  narrow  pari  of  the  area, 
and  after  a  time,  a  groove — the  primitive  groove — appears  on  its 
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surface.     In  the  meantime,  a  second  groove  has  appeared  on  the 
surface  of  the  ovum  of  the  primitive  streak.     This  w   the 
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neural  gro  iimentof  tho  central  canal  of  the  bcaia  and  BpinaJ 

cord.  It  is  hounded  by  two  folds — 
the  neural  foldB,  which  are  united 
together  at  their  anterior  ends,  but 
their  posterior  ends  which  ami 
the  anterior  end  of  the  primitive 
unite  until  after  tho 
appearance  of  the  opening  at  the 
.  i  and  of  i  b  ■  primitive  streak. 
This  opening  therefore  i-i.nnects  the 
neural  groove  with  the  cavity  in  the 
interior  of  tin*  blastodermic:  vesicle, 
which  taoelled  thearchenteiiaoavityr, 
Bod  through  it  the  epiblast  be- 
comes continuous  with  tho  hypoblast. 
Therefore  it,  evidently  represents  a 
part   of  the   blastopore   of  more 

primitive  forms,  but  it  is  Sailed   the  neurenteric  canal.      It  soon 

closes,  and  all  traces  of  it  are  lost. 


Fki.  6H.— Diagram  of  •  »urt»cc  viow  of  a 
mammalian  tilatt<»lrrm  afu-r  1 1 
of  tbn  u«uial  nwjvf..     1,  Urrmliia!  ar*»  ;  i, 

DM1K.I  . '•  J    l.    Iirnrrn- 

■ 

r)««  an-l  «Uimk.    A,  tin*  of  i' 
n*.  e>37;  l»,  lino  of  —Mop 
Ok  «*. 


DMgnun   'if  »   tranavafao  anrtion 

'  xjorni  alouti 

-  MS,     I.  prim  tiv-o  Kroote ;  8, 

SI  i,  mi  :  >,mwnNirt; 
>,  byinitiU.il ;  B,  oaiOB  ;  7.  aroli»nttirvii. 


$.— Magna  of  »  tr»n«vera*  wtlou 
tliroucli  a  mammalian  blastoderm   I 
i        i!  n  ti.-.  '  i  paon ;  '.', 

neural    rtdg*;    8,   eplblaat ;   4,  *,  , 
meaublaat ;  •.,  ■plaudit  .  ,t;  «j, 

liv;  uwa< 

kovlsur;  It,  iiotocbora;  10,  wcloiii ;  11, 
i  una. 


The  primitive  streak  itself  is  due  to  a  down-growth  of  a  linear 
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ridge  of  epiblastie  cells,  and  soon  after  its  Formal 
the    iiH'KnUji.st,  or  third   layer   of   the  blast  i» 
its  sides  and  poet  no,  and  extends 

between  the  epiblast  and  hypoblast  over 
tho  whole  area  of  the  vesicle. 

That  portion  of  the  mesoblast  which 
lies  immediately  at  the  aide*  of  the  neural 
groove  becomes  partially  separated  from 
the  rest,  and  at  the  same  time  divided 
into  ouboidal  blocks,  the  prot  e  or 

mesoblastic  somites.  The  more  laterally 
situated  part  of  the  mesoblast  constitutes 
the  lateral  plates,  and  the  narrow  strand 
of  mesoblastic  cells  which  connects  the 
lateral  plate  on  each  side  with   ihe   pro- 

rtebral  somites  is  the  intermediate  cell 
mass.    Soon  after  it*  formation  the  h 

mesoblast  is  cleft  Into  two  layers,  and  the 

space  which  appears    between    the    two 

layers  is  called  the  ccelom  (figs.  627.  628). 

The  outer  or  somatic  layer  of  the  mi 

blast    adheres   to  the  epiblast;    the   two 

together  form  the  somatopleur.    The  inner 

or  splani'lmic  layer  fus.-s  with  the  hypo- 
blast to  form  the  splanchnopleur,    Cavities 

also  appear  in  the  mesoblastic  somites. 
Whilst  the  mesoblast  is  extending  and 

cleaving,  the  neural  folds  gradually  grow 

in   height,  and   their  free  margins   turn 

inwards  and  fuse  together.      This   fusion 

commences   in    tl rvioal    region,    and 

extends  forwards  and  backwards, ami  I 

it  is  complete!  tin- neural  groove  tfl  con- 
t'd into  a  closed  tube,  the  neural  tul*?, 

and  the  original  groove  is  now  the  central 

canal  of  the  nervous  system.    In  the  ovum 
id  there  are,  therefore.,  three 

cavities:  (1)  The  m-m-il   oi   oentnri  canal 
Sned  to  tlm  embryonic  region;  (2)  Tin 

coelom  or  space  in  the  mesoblast ;  (3)  The 

archenteron    within    the  hypoblast 

embryonic  area  is  still  outspread  on  the 

surface  of  the  ovum.     When  ages 

to  which  reference  bee  been  made  are  well  advancedj  and  in  manj- 

cases  befote  the  neural  groove  is  closed,  the  embryonic  area  begins 

3G 


Fin.  6?.'.— Bmbryn  ctilek  (86  hour*}, 
vitwad  from   beneath  a*  a  trana- 

Etraat  object  faaagiilan  I),  pi,  OoU 
D«  of  pallucld  area ;  yp,  fore-brain, 
or  Dm  cerebral  veeicJe:  from  1U 
•Idea  project  «f,  lb*  optic  ifirltt ; 
SO,  backward  limit  «>f  amnatoj.leur 
fOld,  "lucked  In"  under  head; 
'i,  lirjul-fi'Mnf  inittmnloo;  d 
fleeted  layer  of  amnion,  aonieiUnea 
termed  "  falM  amnion  " ;  jji,  back- 
warl  limit  ufaj-lantlinoplfurfolde, 
along  which  run  lha  oraphalo- 
meeantertc  tela*  uniting  to  farm 
ft.  the  heait,  which  la  cxmlhaue.1 
torwarda  Into  ha,  the  tralboa  arta- 
rioaui;  if,  I  be  fore-gut. lying Miind 
the  bean,  and  having  a  a- Ida  erea- 
nmttc  opening  Iriwan  theaplanch- 
RMtaW  fold*  ;  II D,  Mnd-bnln  ; 
if  A,  mld-hraln ;  pw,  protoTfrtebrr 
lying  behind  tba  fore-gut ;  mc,  Ilnw 
of  junction  of  medullary  fold*  and 
of  notocherd ;  ch ,  front  end  of  nolo- 
chord ;  rid,  vertebral  platan ;  p ». 
nm  I  lire  groove  at  IU  caudal 
and.    (Foeter  and  Balfour.) 
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to  hid  off  fn.m  the  rest  of  the  ovum.     A  sulcus  appears  all 
the  margins  of  the  area,  and  over  this  sulcus  the  area  bends  forw; 
backwards,  and  laterally.     It  looks  as  if  some  constricting  ageut  had 
been  placed  round  t  [in  of  the  area,  an  I  th.it   ttfterwerdfl  the 

area  above  the  :md  the  area  lielow  had  gone  on  grow 

riijii'lly.     In  this  way.  the  ovum  is  clearly  separated  into  two  DM 
an  upper,  the  embryo,  and  a  lower,  which  becomes  the  appendages 
of  the  embryo.     Tlie  anterior  part  I  (bided  embryonic  are. 

known  as  the  head  fold,  the  posterior  as  the  tail  fold,  and  the  two  are 
oonneoted  together  on  eaofa  ode  by  the  lateral  folds.    As  the  oonsJ 
tion  between  ;i  i  sad   Djro-embryonio   pert!  afleeta  the 


Tv-  CM.— Diagram  of  a  uuusvhm  section 
through  am»n.:nill»!i  rvvom  attli*  period 
whan  lb*  folding  off  of  the  embryo  h*a 
BOBiiriraeril.  1.  NiMirmJ  tabt;  J,  proto- 
vartabnl  «oi»lu»  ;  S,  «j«lU»»t ;  *,  m 
mMobUat ;  6,  •ifUnclinie  miaoblut ;  6, 
hypoblaat;   7,  no 

alimentary  canal ;  9,  ouloui ;  10,  vllello- 
InUwtfriml  .Jncc;  11,  yolk  »*c  ;  \->,  lateral 
fold  of  amnion. 


Fie.  «•!.— Dtaitram  of  a  U-mirttnolnal  Mellon  of  ■ 
mammalian  mutual  tin  period  when  thefuMIng  off 

i-mbryo  has  eomm*nr«M.  l,  KeusJ  tube; 
3,  eplMoit ;  ».  notocauH  ;  «,  »toma/l.eal  tjmem ;  fi, 
hrtail  fold  of  amnion;  a,  lull  bid  of  amiiVra ;  7, 

laat ;  H,  nomatlc    meaoblaat : 
maaoblaat ;  10,  yolk  eac  ;  11,  cod  «n;  IS,  /ilUntola ; 
IS,  hlnil-fcut  ;   li,  mlrt-s>it  ;    IB,  19,  pOf, 

ou-llum. 


interior  as   well  as  the  exterior  of  the  ovum,  ii    follows  that   three 
cavities  are  present  in  the  embryo.    (1)  T!  t  c  mal  of  the  neural 

tube,  which  is  of  course  lined  by  epiblast.     (2)  A  portion  of  the 
archenteron  lined   by  hypoblast.     (3)  A   portion   of   the  eOBloiQ 
cavity  of  the  mesoblast  (fig.  630). 

The  central  canal  of  the  neural  tube,  as  before  stated,  becomes  the 
cavity  of  tin-  permanent  central  nervous  system,  and  it  forms  the 
central  canal  of  the  spinal  cord,  the  lateral,  third  anil  fourth  vonu  leles, 
and  the  aqueduct  of  Sylvius  which  nmiieets  the  third  end  fourth 
ventricles  together. 

The  pexbon  of  the  awhe&teroz)  enclosed  in  the  embryo  forms  the 

primitive  gut.     The  part  contained  in  the  head  fold  is  the  fore-gut, 
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that  in    the   tail   fold   is  the   hind-gut,  and   the   remainder  is   tin- 
mid-gut  (fig.  83 1 ). 

constriction   where  the  body  of  the  embryo  becomes  0OD- 

■  his  with  tin-  remainder  of  the  ovum,  is  known  ultimately  as  tin; 
umbilicus.  It  remains  pervious  till  hirth,  when  the  embryo  is 
separated  from  the  re- 1  "f  the  nvuin.  and  through  if  thfl  Olid-gat  ifl 
connoctc<l  with  the  remainder  of  the  BNhentttKOD  (whii  I  i  I  enoeforth 
called  the  yolk  sac)  by  a  narrow  hypoblastic  tube,  tb  le  intestinal 

duct  (lig.  630,  10). 

The  portion  of  the  mesoblastic  cavity  flnoloeed   in  the  flllll/fVO  is 

•d  the  body  cavity.  It  gradually  differentiates  into  the  pericardial 
pliural  and  peritoneal  cavities,  which  are  eventually  entirely  separated 
from  each  other. 

In  the.  l ■  :'ly  stages  tlic  gut  is  close  to  the  posterior  wall  of  the 
body,  but  after  a  time  it  advances  into  the  body  cavity;  it  remains 
connected,  however,  with  the  dorsal  wall  by  a  fold  of  the  .^'hmchiiio 
portion  of  the  mesoblast,  which  is  called  the  dorsal  mesentery.  A 
.similar  hu'm  u  i  .-i y  is  fuund  connecting  the  ventral  wall  of  that  portion, 
fore-gut,  which  becomes  stomach  and  duodenum,  with  the  ventral 
wall  of  the  body, 

Before  the  neural  groove  is  closed  and  Itecomes  the  neural  canal, 
the  hypoblast  beneath  the  middle  ol  thfl  groove  becomes  thickened  to 
form  a  longitudinal  ridge  (fig.  628).  This  ridge  is  the  notechord  or 
primitive  skeletal  axis.  It  soon  separates  from  the  remainder  of  the 
hypoblast,  ami  firms  a  round  cord,  which  lies  at  first  immediately 
beneath  the  neural  groove,  and  afterwards  U-neatli  the  neural  tube, 
extending   from    tin  ,.r  end  of   the   primith-    •  .<  t,   .inch  lies 

beneath  that  region  of  the  mural  tube  which  afterwardi  I  "•comes 
the.  mid-brain,  to  the  caudal  end  of  the  embryo  (figs.  630,  631). 

It  follows  from  wliat  has  already  been  stated,  that  the  embryo 
attains  its  distinct  form  by  a  process  of  folding;  but  for  some  time 
after  it  is  separated  off  from  the  remainder  ol  thfl  I  I  I  I  I  (<  ■■>  Bp1  at  the 
margins  of  the  umbilici  it  has  no  limbs.    Aft  Ml  ridge 

appears  on  each  side  of  the  body,  along  the  line  of  thfl  Intel 
cell  mass  in  the  interior;   this  is  the  Wolffian  ridge,  tad  from 
anterior  and  posterior  parts,  the  limbs  grow  out  as  small  horizontal 
ledges. 

Tin  'laUil  embryo  eonteiiia  parts  ol  all  the  layers  of  the 

blastoderm,  and   from   each   of   these  certain    organs  are  formed  as 
indicated  in  the  following  list 

1.  From  Bpiblast.—  a.  The  epidermis  and  its  appendages. 

b.  Tho  nervous  systom,  both  central  and  peripheral 

c.  The  epithelial  structures  of  the  sense-organs. 
d   Tho  epithelium  of  tho  mouth,  tho  enamel  of  the  teeth. 
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The  epithelium  of  the  nasal  passages. 
/.  The  epithelium  of  the  glands  opening  on  the  skin  and  into  the 
mouth,  and  nasal  passages. 

g.  The  muecttlat  Bbres  of  the  sweat-glands. 

2.  Prom  Mesoblast. --a-.  The   skeleton    and    all    the   connective 
l.isHii.'.s  nf  l he  body. 

b.  All  fcl  lee  of  i in-  body. 

The  vascuhr  system,  moJbdi  I  ics,  serous  n 

branes,  an<l  splat 

rf.  The  urinary  and  generative  OrganSj  except  the  epithelium  of 

i 'ladder  and  up  t! 

The  Sm  is  the  oa  and  muscular 

tissues  of  tin;  imdy-wall.  mole  true  skin. 

Th  mesoblu.-,  'Hisandn  v.. ill  of 

ili.'   alimentary   canal,   the  vascular  system,  and   the   "  ital 

organs. 

3.  Prom  Hypoblast. — a.  The  epithelium  of  the  alimentary  canal 

from  the  hack  of  the  month  to  the  anus,  and  that  of  all  the  piai 
(including  liver  and  pancreas)  whioh  open  into  tide  part  of  the  ali- 

b.  Xbe  epithelium  of  the  respiratory  cavity. 

The  epithelium  of  the  Eustachian  fcnbe  and  tympanum. 
d.  The  epithi •liuiu  lining  the  vesicles  of  the  thyroid. 

c.  The  epithelial  nests  of  the 
/.   The  epithelium  of  tin-  bladder  ami  urethra. 


The  Deciclua  and  the  Postal  Membranes. 

When  the  uterus  is  read]  for  the  reception  of  an  ormn  ii  is  lined 
by  a  greatly  hypertrophied   mucous  men  died  the  de< 

tse,  aftei  the  delivery   of  the  child,  a  portion  of  it  comes  awaj 
from  ih"  aterua  with  the  other  membranes. 

When  th"  iiviim,  which  1  iliaed  in  the  tpperparl  of 

Fallopian  uterine  cavity,  it  is  usually  in  the  stag"  of 

b  morula  or  blastula.  It  rapidly  sate  its  way  into  the  substance  of 
th"  deoidua  which  closes  over  it.  obliterating  tin-  opaning  through 
which  it  passed,  and  thus  the  ovum  becomes  embedded  iii  the 
membrane,  which  thereupon  becocnea  separable  mto  three  parts 
l.  The  pajt  between  the  ovum  and  the  muscular  wall  of  the  eternal 
bin         '  >"i  bn&fdis.    2.  The  pari  between  the  ovum  and  the  uterine 

BO.  3.  The  remaining  part  is 
called  the  d&Mhia  Bitta  Between  the  daGddna  capsularis  and  the 
rlecidua  basaiis  lies  the  ovum,  which  specdilv  beooznei  differentiated 
into  embryOj  membranea,  and  appendagea  The  outermost  of  the 
foetal  membranes  is  the  chorion  j  this  red  with  vascular  villi, 
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PlO.  4tt.  -  Uteriram   rr-ireav'-Uiiic  Ui»  relation  of 
Um  iattktfbtg  uvtim  to  the  dacidaa  tt  * 

<  .-.     i,   lt«rh*  mofcto:  S,  •j.iNMt 

.  3.  laiier  cell  man-  ,  hypo. 

Ma-'  lift  tautlU;  &,  ilMMva  rap- 

m-lar'a  ;  «.  tI*cldo«  vara  ;  7,  rarity  of  nt««». 


whiih  dip  inli)  |  In-  deeidiiii  raitsnlaiis  ami  baMlfe      Inside  the  chorion 

u  the  ainniou,  a  closed  sac,  which  ntnrauadi  ti  ■  i  i<i  is 

attached  CO  its  ventral  wal 
umbilicus.    'I 

a  sheath  fox  the  umbilical  cord  by 
wliic.li  the  embryo  i  ad  to 

the  inner  sin  face  '■!  I  be  oho 
ll  la  filled  with  lluid,  thfl  amniotic 
fluid,  in  which  the  foetus  floats; 
the  umbilical  cord  contains  not 
only  the  blood  -vessels  which  pass 
I  "'tween  a  specialised  portion  ol  the 
chorion,    which    form  octal 

part  ">f  the  placenta,  em- 

bryo, but  also  the  remains  of  the 
yolk-sac,  and  the  dpi  I  by  which  it 

•nnected  with  tin*  Intestine  of 
mbryo. 
As  the  ovum 

■  I. ins    is    expanded    over    its 

surface,  ami  as  the  growth  eoh- 

tinuc8  the  uterine  cavity  is  grodu- 

ally  obliterated, and  the  decidua  eapeularui  is  forced  into  oontaot  with 

2  4  the  deeidqa  vera,  with  which 

it   fi; 

As  the  deoidna  h  w 
thickened    mnooos    mem< 

it  natuiaiiv  eontainj 
slaade  a  hi  b  become  en- 
larged as  the  decidua 
thicken*.  It  ma  believed, 
at  one  time,  t!  i Hi  of 

the    oh  ii loo    entered    the 

glands,     but      ibis     is     DOW 

d  i.i  be  incorrect.  The 

villi.  Titer  fh-'iiit.i-iL'l.imliil.ir 
Mini,  in  the  human 
lands  of  the 
decidua  oapeularis  eventu- 
ally d  In 
the  decidua  h-isaliH  and  the 

dividiia   \r  ;  i  i  fii  :  .. 

portion*  of  the  dec 

disappear  j  their  deep  portioni  comam  in  an  aim  i  ondi- 

tion,  an«i  tnrinsb  tin*  Bpithelium  for  i  ion  of  toe  rianda 


Flo.  088.— Hla;-Taii)  reprr«MiUn«  a  laur  itspi  o|  d/rvelop. 
Bi-nt  than  tli»i  >bu«n  Hi  Ik.  fttj.    1,  Ulerlor  uiuacle ; 

'J,    v  n   of  Drum:    s,   ortoni:    «,  ll««MlA 

t**ali»;  '■ 

otttlWU:  *.  «!!■   ■  '  I'-n  cavlly  ;  10,  primitive 

i»t*«tlTi« :  ll,  volli-oo. 
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and  the  lining  of  n  •   after   pttiurition.    Tin-  in1 

liiitH  parte   of   ii  ddddUB  \cra  ami    the    deoidtlfl 

hoaalis  beeoi!  h  enlarged, and  form  ■  deofctna 

called  the  spongy  1..  Imaialy  this  layer  is  con  verted  ini..  ;i 

I   clefts,  and  it  is  along  the  line  of  these  clefte   thai    the 

iua  is  separated  at  birth. 

In  some  mammals  in  which  the  i  xnmeetion  between  the  chorion 

am]    llic    ilrciilim    i  niMlr    tlrui    in    l.hc    human  bfafl 


its 


it 


<lt> 


W>- 


^U- 


ilr 


Flo.  03*.  —  DUtfianmiaUc  view  of  »  vertical  lraii»ver»'  I   Um  ut«nu  itth*  »«v«ith  or  ll 

week  of  pn>iaiMirj.  c  e,  rf,  eavtt jr  of  utcnn,  which  becomes  the  cavity  of  the  decldua..  opening  at 
r,  e,  the  cnnitw,  Into  the  Fallopian  tubm,  ami  at  c"  Into  the  cavity  of  the  cerrlx.  wblOh  U  rloaed  by 
•  pt<m  of  idul'uo;  .Jr.  uixidum  rern;  dr.  rinsiiliu  rrfl.xa,  with  the  aptrier  villi  embedded  in  1U 
aumianoe;  it*,  decidua  baaalla  or  aerollna.  Involving  the  mora  drtyluped  chorion  ir  villi  of  tin 
Tlio  f'-etiw  U  aeeo  lying  in  the  amniotic  »ac ;  i*wiuit  up  frvin  in*  tiHihlllcaa 
It  aeeu  the  umbilical  curd  and  IU  vouala  piuaing  to  their  diitrlbi:  ■,  illi  of  the  cl 

aleo  the  pedicle  of  the  jrulk-aM.  which  lie*  In  the  cavity  between  the  amnion  and  chorion.    (Allan 
Thuiaauu.) 

glumls  persist  to  a  greater  or  less  extent,  and  secrete  a  fluid  ceiled 
:>e  milk,  which  La  ahfi  irbed  by  the  ohorion. 
Tin:  portion  of  i  which  undergoes  the  greatest  change  is 

the  decidoa  baaalis,  former]  %■  Galled  tix  aeoidue  Berotina.  In  it  a 
unmoor  of  large  blood  spaces  are  Conned,  md  ihr^r  an  paiatod  int" 
maaaesor  cotyledons  l.v  obroufl  strands.     The  cotyledon  netrated 

by  ohorionio  villi,  and  it  is  this  conjunction  of  chorionic  villi  and 
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(leeidaa  basalis  which  produces  the  nlaoena, which, al  full  term,  is 
lit  inches  across,  and  weighs  nearly  a  pound. 
I!m   placenta  la  the  organ  of  foetal  nutrition  and  excretion.     I 
ises  are  filled  with  maternal  Mood,  which  in  carried  to  them 
ii\  the  oterin  es  and  away  from  them  by  the  uterine  veina 

Into  tin  -i-  blood*nlled  spaces  the  vasoulaf  total  fill]  project;  he! 
is  easy  I  ke   place  between   the  foetal  and  tin- 

maternal  blood,  though  the  two  blood -streams  never  mix  together. 
Oxygen  and  nutriment  pass  from  the  maternal  blood  through  the 
etal  vessels  into  the  hotel  faBoad,  and  carbonic  acid, 
urea,  ami  other  waste  pro- 
d i H- ts  pass  in  the  contrary 
direction.  The  foetal  blood 
is  carried  bo  the  placenta  by 
the  umbilical  arteries,  which 
are  the  terminal  branches 
of  the  aorta  of  the  fcetus ; 
these  pass  to  the  pi  >■ 
by  the  umbilical  im 

tin-  blood  la  returned, 
throogfa  the  cord,  by  the 

umbilical  vein. 

Development  of  the 
Foetal  Appendages  and 
Membranes. 

The    rn.inni-r    in    which 

the     primitive     intestinal 

oanaj  is  separated  from  the 
yolk-sac  during  the  folding 
off  of  the  embryo  from  the 
ovum,  has  already  been  con- 

Tn  bird  lk-sac  affords  nutriment  till  the  end  of  incubation, 

Uld  tin-  oniphalo-meeentedo  blood-vessels  which  convey  the  nutriment 
to  ill-  mlvo,  are  correspondingly  well  developed.  In  mammalia, 
the  office  of  the  umbilical  vesicle  ceases  at  an  early  period,  for  the 
in. unity  of  yolk  is  small,  and  the  embryo  soon  becomes  indep> 
of  it,  on  account  of  the  intimate  relations  esta!ili>lc-d  with  the 
maternal   blood  in  the  pl.iceiita.     In  birds,  ->r,  as  the  yolk-sac 

empties,  it  it  Hy  withdrawn  into  the  abdomen  of  the 

through  the  unil'ili'  al  opening  which  then  cloees  over  it.  In  mammals 
it  remains  outside  the  embryo,  and  in  man  its  remnants,  in  a  con- 
tracted and  shrivelled  oond  ■  fonnd  in  the  umbilical  cord.  In 
some  mammals,  however,  it  plays  a  much  more  important  part  than  it 


Flo.  WA.-I>lajer*m  r 
■MBt  of  ntoiftt 
■g.  08S.  1,  Utert 
4,  fuH  dectdaa  n 
tmm!  of  tnUyo 
amnion  t»  fas*! 


bUk-al  ixnl ;   8,  Mai  villas  In   planata. 
wilt  ■••  nbaeqnatit  flgam. 


;  »  lalei  tlatfe  Of  <ie»8lop. 
realm  than  Jiat  iliowu  In 
;  I,  placfrnla  ;  8,  y«lk-»«>c  ; 
•ularla:  5.  primitlr*  btood- 
f  (outer  anrfJfcM  of 
urfar»  of  chorion);  T.  am. 
I.t   U0O&< 
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does  in  in  in,  ;iinl  the  time  : ». 1 1- 1  mode  of  ita  dieappeaxanee  differ  in 
irent  orders  of  niaauai 

At  an  early  stage,  ami  whilst  the  changes  to  which  reference  has 
been  made  are  proceeding,  three,  important  structures,  the  amnion, 
the  chorion,  and  the  allautois,  are  developed. 

Amnion. — As  the  embryo  is  differentiated,   the  surface  of    the 
ovum   beyond    its    margins,   formed    by   soinatopleur,  is  gradually 
raised  as  a  circular  fold  which  Ifl  looked  upon  as  consisting  of  hi 
tail,  and  lateral  portions.     The  various  parts  of  the  fold  rise  quickly 


^tr*~  tn-rw*. 


>-< 


i 


Fio.«>J.  — l>lfcRT«ninr»loiicH')'ll!i»l  wKiUimufKiornni  allowing  mucin  of  formation  of  amnion,  »)lanU.i«. 
and  •  UI<w3>v«MeU.     1,  Amnion  «>»'  on  |ila.r»nt«l  part  of  .l.-.ri.ir,  •  |,  »))au- 

tola;  «,  nplblmtofohori  .Ik  •gto;  8,  co-lorn  ; 

0,  Taacalar  arcoi  1.111  yolk-MC  ;   '  OBI  |   :  1,  lii-iit.  .   19,  allantoll  iln  ■rirnl from  olOftC*; 

18,  clKir 

and  eoDvecae  over   the  embryo,  which,  at  the  same  time,  passes 
toward*,  the  interior  oi  the  ovum.     Finally  the  folds  meet  and  fuse 

•ther  at  a  point  which  is  called  the  amnion  navel.  As  soon  as  the 
folds  fuse,  the  inner  parts  separate  from  the  outer  and  form  a  i  losed  sac, 
(figs.  630  to  639).    The  imn.-r  wall  of  1 1 1 <_•  sic  is  formed  by  epibhut,  the 

•r  by  mesoblast,  and  bol  b  an  continuous  with  the  same  1> 

I  at   the  umbilical    orifice*      At   first  the  amnion   ih 
invests  the  embryo,  bat  soon  the  space  between  the  two,  the  amniotic 

■'if.  becomea  filled  'aid,  and  this  increases  in  amount,  till  at 

the  end  of  pregnancy  it  is  present  in  very  considerable  quantity. 
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The  onsists  of  w.i  inin^' small  <i«mntilie8  of 

albumin,  am,  and  salt*.     It  is  an  o.\iulali<m  frmn   tho  foetal  and  the 

maternal  Id i.  and  tho  urea  in  it  pomes  Erom  tht  mine  wlii-  h  il 

passed  int<<  thy  amniotic  cavil  c  part  of  pregnancy. 

Tin-  lunation  of  the  Bald  appears  to  be  purely  mechanical.  It 
supports  (he  embryo  on  all  sides, and  protects  it  from  Mows  an<l  other 
injuries  to  the  abdomen  of  the  motner,  ainl  from  sudden  irregular 
'•"in  of  bbe  abdominal  walls. 

Chorion.  —The  dhorioD  Es  that  n  i  f ace  of  the  ovum 


I '■!»".— Ittigraai  i>r  a  ItitiKitmllna)  «"ction  of  on  ornra,  »b.owiug  UU>r  «Ugr  ft  formation,  »fw*lo«i 
•mi  <«rt*l  i«rl  <if  |iUceiiU  tli»n  that  •town  In  Ik.  <HC. 
1.  An  almcat  c>mi\Ar.lHy    t.  AlUnttili-ilvertlciiIiiiii  from  cl' »«.•*. 

cJi»  .UmI  of  chorion  t  ft   fc__tot.i__         8.  On 

1  I»l«c«nUl  villi  : nolle  mwobUwt  /  Wi  ™™M,P,">r-      jo.  rvrlearllum. 

which  dues  not  enter  into  the  formation  of  the  embryo  en  amnion, 
and  after  the  separation  of  thi  farms  the  wbol  no  outer 

surface  of  the  ovum,  oamplately  surrounding  tho  emteyoj  the  .minion, 
and  tlic  i  ' 

At  early  period  its  surface  is  sol; with  fuio  processes, 'the 

■tonic  vir  al  Rrsl  ooneial  of  opiblastie  cells,  alone!,  but  very 

m  Lhi'y  iu'nuireoowa  ftl  somatk  mesoblaet,  which  becomes  va 
tarised   by  the  allantoic   treeselE  cvbich  rapidly  extend   througl  i 
the  whole  of  the  chorionic  moNihlast. 
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At  first  the  villi  are  small,  hut,  as  they  project  into  the  deaidua 
I  ailaris  and  deckrua  basatis,  they  grow  rapidly  and  I  'ranch  repeatedly 
rii'  ir  fanottan  i-  to  obtain  nutriment  from  the  uterine  tissues. 
the  higher   mammals,  r  v  and  eat  up  in 

of  lJn' cells  i.f  the  deoidua,  jiml  gases  and  fluids  pass  through  them 
from  tin-  maternal  bo  t In-  total  blood,  and  vict  rami  In  some 
mammals,   I  thej  do  BOl   destroy  the  uterine  tissues,  ami  in 

these  caws  they  absorb  the  uterine  milk,  which  if  secreted  by 
enlai  d& 

chorionic  villi  wliich  penetrate  the  decidua  capsularis  gradu- 
ally disappear  as  fli.'  eapffolarifl  foaBB  with  the  vera,  and  is  reduced   bo 
a  thin   lnemliiitne ;  l>ui   i he  villi  which  eater  the  deeidna  baa 
increase  enormously  in  size  ami  i  < nu j.l.ix i t y .  hi  form  1 1  part  of 

the  placenta,  ami    (heir  I  hang  free  in    the  i> 

iiinixi  sinttees  which  are  filled  with  3  Jig.  634). 

Allantoia. — The  allantou  is  an  outgrowth  from  the  ventral  poo 

of  the  primitive  alimentary  canal,  and  it  consists  of 
a  hollow  pie  ;  poblasl  covered  with  mesoblast  (fig.  631, 12).    In 

die  hiunan  embryo  it  appears  at  b  very  early  period,  before  the  amnion 
folds  have  1  d  bom  the  ohorion,  a  mveys  the  allantoic 

Eta  from  the  embryo  to  the  chorion,  and  the  oUantoic  vein  from 
the  choi  be  embryo.     As  development  proceeds,  and  that  part 

of  the  chorion  in  contact  with  the  deeidna  basalis  is  converted  into 
the  fcetal  part  of  the  placenta  (npa.  634  to  637),  the  oil  .mtoie  blood- 
vessels in  the  chorion  gradually  disappear  except  in  the  placental  area 
per  till  birth. 

Ai  Brsl  the  aUantois  is  very  shorty  hut,  as  &e amnion  distends  and 

embryo  paeeee  farther  and  farther  into  the  inl  the  enlarg- 

ivuiii.  it  is  elongated  into  a  cord  which,  together  with  the  remains 
of  the  yolk-sac  is  Eorrounded  and  ensheathed  by  the  imnion;  this 
Cord  is  called  the  tU  cord  (fig.  634). 

In  the  human  subject  to  ion  of  the  allantois  which  lies  in 

the  umbilical   cord  run  rely  of  vasoular  mesoblast,  for  the 

hollow  pouch  mi  I, .;,.,!, |,tst  ends  m-ar  the  umbilicus ;  hut  in  smite 
mammals  the  hypo blastio  diverticulum  is  prolonged  to  the  inner  surface 
of  the  chorion  En  man,  therefore,  the  umbilical  cord  consists  of — 
I,  An  .niter  covering  of  amnion;    2,  a  core  of  modified  mesoblast 

tved  from  the  mesoblast  of  the  allantois  and  the  wall  of  the  yolk- 
■;  B,  the  remains  of  the  hypohlastic  portion  of  the  yolk-sac,  and 
4,  the  two  allantoic  arteries  anil  U  trie  vein. 

In  the  early  stages  imm'  the  separation  of  the  amnion 

from  the  chorion,  the  embryo  and  its  amnion  are  attached  to  the 
ohorion    by  the   aUantois,  and    they  are  situated   in   B   space  which    is 

of  the  original  ocBlomi  si  the  somatic  and  splanchnic 

blast  (figs.  635  to  697).     This  space  is  continuous  v.:  <alum 
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in  the  embn'o  at  the  umbilical  orifice.  In  the  later  j>erioda  it  is  ent  ir.lv 
obliterated,  for  the  amnion  is  distended  till  Hi  "Titer  surface  fusea 
with  the  inner  surface  of  the  chorion;  and  at  the  same  time  the 
umbilical  <« »rcl  is  differentiated  U  the  distending  amnion  sun 
Bad  presses  together  the  allantoic  stalk  ami  the  icmains  uf  the  voile - 
Sir  {tig.  684} 

At  birth,  on  account  of  the  contraction  of  the  walla  of  the  litems 
and  tho  pressure  of  the  surrounding  muscles,  the  liquor  ainnii  forces 
part  of  the  membrane  formed  by  the  fuBed  amnion  and  chorion 
through  the  cervix  uteri,  which  is  gradually  distended.  When  the 
distension  is   buiVi  I  be  membrane  ruptures,  tho  liquor  ainnii 

escapes,  end  siUsrwtrdfl  the  child  is  forced  out     It  stil  con- 

nected with  the  placenta  by  the  BmhflfaJ  cord,  and  this  connection 
sl.oiiM  not  be  severed  for  a  few  minutes,  in  order  that  as  much  blood 
as  possible  espintsd  from  the  foetal  part  of  the  placenta  into 

the  child  as  breathing  commences. 

After  the  child  is  expelled  the  contraction  of  the  uterine  wall  con- 
tinues and  the  placenta  li  land  forced  out.  The  eepentton 
gradually  extends  through  the  decidua,  along  the  line  of  the  stratum 

nn,  and  the  fused  chorion  amnion  and  decidua  turned  Inside 

out,  follow  the  pb  wbicli  tliry  aro  attacbed,  eoii.siitut.Jii'j, ',%iili 

the  placenta,  the  aftel -birth 

After    the    umbilical    cord    is   tied   and   separated,   the  umbilical 
arteries  inside  the  child  booonie  filled  with  blood-clot,  and  ultimately 
they  are  converted  into  fibrous  conls,  the  so-called  obliterated  hypo- 
gastric arteries,  and  at  the  san.  the  aUantoif  isslso  conn 
into  a  fibrouH  strand,  the  uruchus,  which  extendi  Eroo  the  spes  ol  the 

hladdet  to  the  umbiiii- 

Development  of  the  Framework  of  the  Body. 

In  the  early  stages  of  development)  the  only  indication  of  a  frame- 
work or  skeloton  is  the  notochordal  rod  of  nypoblastie  cells,  which 
i  .t.-iuls  alo:  In  le  length  of  the  dorsal  wall  of  the  primii 

intestine  beneath  the  neural  tul*,  its  anterior  end  being  situate  1 
immediately  behind  the  position  where  the  pituitary  body  is  after- 
wards formed.     In  mammals  tho  notochord  disappears,  except  in  the 

tres  of  the  intervertebral  discs,  but  in  amphioxus  and  lampreys  it 
persists  as  a  permanent  skeletal  Bupport,  and  in  these  cases  it  closely 
n-sembtei  cellular  garni. i  ■<■  i  nclosed  in  a  fibrous  sheath.     It  is  com- 
posed of  a  very  insolnWe  proteid-like  substance,  which,  however 
not  collagen.    Collagen  and  vhiib  is  formed  from  collagen  by 

boiling),  are  characteristic  of  true  connective  tissues  which  are  formed 
from  mesoblast;  the  DOtoehard  is  hypoblastic.  The  notochord 
contains  also,  like  all  embryonic  tissues,  a  large  quantity  of  glycogen. 
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The  rndimenta  bom   winch  the  axial  skeleton  ->f  the  body  is 

s. unites  (see  p.  833). 
bo  three  porta: — 1.  An  onto 

cutaneous  lamella,  from  which  the  deeper  parte  of  the  I  the 

subcutaneous  tissues  of  the  body  are  developed.     2.  A  middle  portion, 
then  !>s  plates  all  the  striped  muse! 

ih«-   body,  with   ili«>  exoeptioo  of  those  "f  the  ban 


Klu.ltSS.     Dlai3»iu  >"■'  " f  |T.-it.iV«ri#linr  ■nd 

'  mnnUiD  f>0tl»,  primitive  lotMlinr.  mid  >  'ilk-no. 

10.  Pi 

■      ..      : 
IS.  G>  -iic). 

H.  Primitive  darwUblood-TWMl. 


i*i  oard. 
irftjr. 

,-hnlc  MMA 
s!  Y.ilV-MC 


If..  *.'ler»tojt«i>oa»  j*rt  of  pr<rtov*iti>tira 

i.  nf  prutorwUlim. 
i      i  01 n-  itinrtlauf  |>r<j'.uvatt«>bn. 


3.  A  scleratogenous  segment.      The   Boleratogenoas   segments    Fuse 

together  round  tfae  neural  tuU'  ami  the  notoehord,  and  in  this  way  a 
iiiiiuius  membranous  vertebral  column  is  formed.  This  is  clef t  on 
h  aide  En  i  (mam   lot  the  passage  of  the  nerve-roots  and  the 

accompanying   I -I",  id -vessels.      Part  of  the  membranous   column   is 

converted  first  ii» t  < •  i  irtilaginousand  uftorwards  into  bony  rartBtans; 

ntli«  ire  transformed  into  intervertebral  discs  and  ligB 

i  the  remain'  mea  which  line  the  spinal  canal 

urround  ths  spinal  cord     Prom  the  sidi      I  flw  vertebras  the 


CH.  UX.] 


FOKMATION    "I     UMB8    AHD    H1AD 


845 


jrow  outwards  and  forwards  is  the  th< 
them  meet  together  in  fruit.,  and  enter  into  the  formation  "f  the 
i  •  i  h  me. 
Th>  —At  tirnt  then  ire  no  limbs,  uo  I  then  they  jut  out  as 

EroXD   the    aides   of    tho  \*n\y      Kae.h    "iisista  of  an  • 

i  i    centre]  pari  of  the 
11       ::       i    artUadnoiiB rndii  the  bones  which 

•'•omo  ossified,  ana  l\  forms  the  ligo  whiob 

i  onm  it  tii  i  ir'i      r  , ;      inisdr  plates,  op] 

tUf  hull's,  ]irow  im  to  form  (be  muscles,  end  nei  m  the 

epondmg  segments  ol  the  spins]  cord  enter  the  buds  (fig.  639). 
Blood-vessels  oomia  bed  with  the  vessels  of  tin-  body  also  appear. 


Kb.  'UN.     magma  uT •  Lniiiavw**  mc"  . 'i  •       »  I  iiiutelt  platea, 

ruJli nlary  llmln,  ami   nirin liranuu*   irrtrbral    Ulla—      1,  8|iUial   curl    * 

.  v<flt*bral  i  n  «4  tram  fuaait  MbmtofKMMU  ■agraMita  uf  i*olovort«br»  ;  8, 

■leacRU'litiu  aurU  .  ft,  atunlun  emrtty ;  >  >,  |.riinltlv«  iuleitn."  .  ; ,  muscle  |.i»t«  rxfmdltig 

inlo  body  wall ;  B,  bad  of  mtueU >pUt£  Into  limb;  l>,  mim-l*  jrtato. 

7%«  ZAwd. — In  the  early  stages  the  head  is  merely  a  rounded 

l  developed  in  tin  li'M.i  i.4dof  the  embryo.     In  anterior  part 

is  bent  Bherplj  downwards  in  front  '<(  the  nn  ml  of  the  body  in 

the  pericardium  has  been  formed,  and  k*twecn  the 

fri.mt   nl   tin'  li'-.iil  iiinl  Hi-   |"  i  i'Miiliura  is  the  stomadosal  spa< .     01 

jn  iiiniivo  mouth  cavity  (figs.  640,  641,  642).     At  this  time  tin 

no  neck,  hut  from  the  posterior  part  of  tin-  head  i«>  tin-  side  of  the 

pericarditun,  a  series  of  five  risaea  il  arches,  with  four,  intermediate 

clefts,  extend  roond  the  sides  of  the  forsguk     As  the  neck 

^  isceral  arches  move  forward  with  the  hea<l,  and  thai  ml-  meet 

in  the  iiiiii'ii'- 1  in  i.'  nf  the  iK-ck  in  iron  i  of  ti  e  anterior  end  ol  the  bodj  ; 

thus   it  comes  about  that  the  stomadoBsJ    space  is  now   Ixmnded 

iiv  and  below  by  the  first  or  rnandibnTar arches, and  above  by  the 
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anterior  i  fchehflsd  wfaiohls  called  I  nasal  process.     The 

bock  "f  the  space  ia  bounded  for  a  time  by  a  thin  mem  bran- 
separat*  rogat  bran  the  stomadseuru.    Just  in  front  of    I 

upper  end  of  tins  membrane  a  diverticulum    projects    from    the 

iDudmun  towards  a  -thwuBAthkefa 

pouab ;  it.  meets  rth  from  the  < 

sailed  the  hypoj  wo  structures 

unite   u>  Co  of  the  pitd 

The  membrane. soon  disspp  Mr.-.,  and  the 
uitive  mouth  and  the  foregul  form  a  con- 
tinuous cavity.    In  the  meantime  I  wo  olfactory 
«*9.-r«»B»iii  representing  pita  have  appeared  on  the  undi  ■<■  ol 

Lro"Ao'e>uua^''«brr,M'r^  tnf;  fr«)nto-i  I  thev  grow  back 

rroatn-MMl  pnetu  of  ba»'i ;    into    the   roof   "F   the   stinnadu-iim.      These  pite 
J,  (olfactory    pit ;    8,    iwm-  .,        -  ,  .  .  l 

d«mm : «, ambiiMai ..-.  he  mmio-nasal  process  into  tnre« 

■STr!^  °'  ,n*n"l",i,r  the  mesial  nasal  process  between  them,  and  the 

lateral  nasal  processes  at  the  sides.     Moreover, 

two  little  projections,  the  globular  processes,  gr-v.  down  on  each  side  of 

the  middle  line  boon  the  mesial  nasal  process.     At  this  period  the 


view  of  an  embryo  older  than 

tba!.  ulu'Wii    In    flit.  640.     1, 

Midbrain;  2,  fore-brain  ;  8, 
eye;    4,   ametorjr  pdl 

•tanuKUrum;  0,  perlaanllnnv, 
7,  nmbllleal  orifice:  8,  IhM 
Twceral  arch ;  0,  aoeond 
rlaceral  arch ;  10,  flrat  or 
mandibular  arch  :  11. 
Mary  prrowa  of  mandibular 
arch;  I  a,  globular  nroeeae; 
18,  meiia!  naxal  prucaaa  ;  14. 
lateral  naaal  prr.ceaa. 


ML—  Itiacram  reprninotinK  a 
Later  ilage  of  development  of  the 
face  than  that  ahowB  id  He.  041. 
1 ,  Miil-braln  ;  a,  fore- brain  ;  8,  eye ; 
4,  anterior  na.«al  orifice ;  b,  globnlar 
prooasa ;  0,  month ;  T,  pwicat 
8,  Meond  vmcerai  arek;  0,  rimt 
vUoarat  arch  ;  Hi.  maxillary  pro- 
cms  of  0r«i  arch  ;  It,  lateral  naaal 
proce**- 


upper  boundary  of  the  orifice  of  the  st<  1  is  fanned  by  the 

two  globular  processes  separated  by  a  small  cleft,  and  the  two  lateral 
:i,isaJ  processes  separated  from  the  globular  processes  by  the  olfactory 
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md  the  aides  and  the  Lowat  I  •  mdary  of  the  orift  b  are  formed  by 
rat  or  maadibtilax  tzohaa     Eram  the  opj>er  e  i  lie  mandibular 

arches  the  maodli  ay  iirocesses  grow  forwards  immediately  beneath  the 
eyelxi!  b  have  appe  -idos  of  the  head),  and  n 

grow  they  pass  beneath  the  literal  nasal  processes,  and  beneath  (he 
anterior  ends  of  the  olfactory  depressions,  end  fuse  with  the  glo1 
proeesses  whii  I  Ihni  the  orifice  of  the  sti>mad.cal 

space  is  onl  into  three  parts,  the  two  oaaal  orifices  and  the  i 

tie  formed  Sj  -1  globular  and  maxillary  processes, 

and  contain!  three  lines  of  fusion— one  in  the  middle  line  between 
the  globular  processes,  and  two  more  laterally  placed  between  the 
maxillary  processes  and  the  globular  processes.  In  certain  cases  the 
us  do  nut  tike,  and  then  clefts  are  left  in  the  nppei  lip, and 
ite  I  be  rarlona  forms  of  hare- 
lip. Prom  1  bfl  Innez  | arte  of  the 
maxillary  proeesses  of  oppi  1 
palatal  ledgee  grow  across  the 
oadaal  space;  and  meeting  in 
the  middle  line,  they  fuse  togethei 
.unl  separate  1 1  »■  space  into  ai  iipp  a 
<>r  oaeal  end  a  lower  or 
space.  If  the  palatal  ledgee  1'iil  to 
moot,  cleft  palate  results.  A  l-n 
may  also  appear  between  the  nasal 
orifice  and  t!  n  tival  sac,  as 

a  result  of  the 

between  the  boob  and 

the  lateral  nasal  prooeea    The  lower 
bonndanf  of  the  month  i 

formed  by  the  mandibular  arehea 

Bo  iissues  of  the  from o-nasal  proeeee  bj  i   of  the 

»r  arches  take  part  in  the  formatiun  of  the  skeleton  of  the 
head     The  no  forwards  as  far  as  the  pituitm 

all   vertebrates,  and  in  some,  pro!  bral    BOXnitM  can    be  I 

forwards  point;  bo  I  in  w  ra  only  distinct 

ln>]iind  the  ear  in  the  occipital  they  rntin.lv 

[•car  at  mi  early  period     In   the  Lower  ttes  1   liar  of 

oartDage  appears  at  eeoh  Bide  of  the  iiotiH  hord  in  the  head;  these  are 
the  1  il  oartilageB,  and  they  soon  fuse  to  form  a  basilar  plate 

in  wliieh  the  notoohord  is  tFnhed^w.  It  becomes  the  basi- cm  < lipital  and 
basi-ephe&oid  bonei  In  mammals,  the  parachordal  stage  is  eliiiiin.it.  il, 
and   I   basilar  plate  is  formed  at  ODCft      II  I  plate 

cabeoole  imhraoethe  pituitary  body  and  1  1  ward  into 

the  fronto-nasal  prix-css,  where  they  blend  tOgethi  r  to  form  an  ethnm- 
vomerine  plate;  and  from  tMa,pgOO0Bt08  extend  down  on  each  side,  the 


Flo.  &«.-  lH»;r»m»  of  the  cartflaglnMM 

ami 

Jk,  Dr»i  iUbc.  -n! ;    Tr,  tntwulic 

<r»nll  ;  /•.<■*.,  riamrlinnUI  irarUlseM;  I'.  ult'i*- 

.rjr  l*»l)r ;  A'.  /.',  O,  IIUlftttOM  of 

olbetanr,  viaual,  au J  ■uilllury  uriana. 

|i,  law  iu^>.     11,  itallar  rartlia***  ;  S,  null 

:.  tod  'thmoi'Wl  cartilages;  JTIA,  Etk  , 

pn-.lonp»Unn»   uf   eltmirt'l   an.tiud   oitactonr 

organ,  com  p  lei  In  «  the  na.al  rap.ule;  .V  K,  O, 

Ch,  Tr.  /',  a*  before.    (Attw  WMtnhetB.) 
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nasal  part  of  the  stomadaeal  space  forming  the  rudiments  of  the 
ethmoid  and  inferior  turbinal  bones,  and  a  mesial  process  descends  into 
a  septum  which  has  grown  down  from  the  under  surface  of  the  fronto- 
nasal process,  and  united  with  the  palate  dividing  the  nasal  chamber 
into  right  and  left  halves.  In  this  the  vertical  plate  of  the  ethmoid 
and  the  vomer  are  ossified.  The  posterior  parts  of  the  trabecule  fuse 
with  the  basilar  plate  and  form  the  rudiment  of  the  presphenoid. 
Posteriorly,  and  at  the  sides,  cartilaginous  plates  grow  over  the  cerebral 
vesicles;  but  in  mammals  the  occipital  region  alone  is  roofed  in  by 
cartilage;  the  rest  of  the  cranial  vault  being  formed  of  membrane 
bones. 

From  the  sides  of  the  presphenoid,  the  lesser  wings  or  orbito- 
sphenoids  containing  the  optic  foramina  are  developed,  and  from  the 
sides  of  the  basi-sphenoid  the  greater  wings  or  alisphenoids.  A 
cartilaginous  capsule  invests  the  auditory  vesicle,  and  becomes  con- 
nected to  the  parachordal  cartilage  on  each  side.  It  is  called  the 
periotic  capsule ;  it  is  replaced  by  bone,  which  constitutes  the  petrous 
and  mastoid  portions  of  the  temporal  bone. 

Cartilaginous  bars  appear  in  the  visceral  arches,  and  from  that  in 
the  mandibular  arch  on  each  side — Meckel's  cartilage; — the  symphysis 
of  the  jaw,  the  malleus,  and  possibly  the  incus  are  formed.  The 
stapes  is  the  result  of  a  separate  ossification  round  the  stapedial 
artery.  The  remainder  of  the  mandible  is  ossified  in  the  membrane 
around  the  mandibular  cartilage. 

From  the  second  bars  the  anterior  part  of  the  body  of  the  hyoid 
bone,  its  small  cornua,  the  stylo-hyoid  ligaments,  and  the  styloid  pro- 
cesses are  developed.  The  cartilages  of  the  third  arches  give  rise  to 
the  posterior  part  of  the  body  of  the  hyoid,  and  its  great  cornua; 
the  cartilages  of  the  remaining  arches  take  part  in  the  formation  of 
the  cartilages  of  the  larynx. 

In  mammals  tho  clefts  between  the  arches  are  merely  grooves 
which  do  not  communicate  with  the  cavity  of  the  foregut,  as  they  do 
in  fishes  and  amphibians.  The  outer  depression  of  the  first  cleft  forms 
the  external  auditory  meatus,  and  the  inner  depression  is  converted 
into  the  tympanic  cavity  and  the  Eustachian  tube.  The  remaining 
clefts  disappear. 

The  cranial  nerves  are  also  associated  with  the  arches  and  clefts. 
The  third  division  of  the  fifth  is  distributed  to  the  mandibular  arch, 
its  second  division  goes  to  the  maxillary  process,  and  its  first  division 
to  the  fronto-nasal  process.  The  seventh  is  the  nerve  of  the  second 
arch,  the  ninth  belongs  to  the  third  arch,  and  the  remaining  arches 
are  associated  with  the  tenth  nerve. 
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Development  of  the  Vascular  System. 

We  have  already  seen  that  at  an  early  stage  of  development,  blood- 
vessels begin  to  form  in  the  splanchnic  DMBOblafll  '"■  tl"-  WW  <>f  the 
goDt-flaO,  outside  in  IB  INI  Balled   the  area   vasculosa. 

From  the  cephalic  his  area  two  longitudinal  vessels  rim  liaok- 

wards  through  bheembtjonio  region, and  they  terminate  pestexiorlj  in 
iltfi-amlal  pari  of  the  area  vasculosa  (fig.  644).    Afl  tin".-  run  throogh  the 
embryonic  region,  which  it  still  outspread  on  the  surface  of  the 
they  pass  beneath  the  pericardium,  and  then  beneath  the  inner  parts 
of  the  protovertebrae,  not  far  from  the  Bldafl  of  the  aotoofaoid     As  the 


h> 


).  W.-DUbib  tvpntanti'iic  tho  imngianit  at  Ui*  prlmltlvv  Mnod-iwuli  bafut*  Vb»  oaibrjo  U 
foldwl  oft  from  tlie  orani.  1,  rnmitlvn  v**mI  of  left  alii*  ;  1,  [irotov«rt«t)T* ;  t,  nriinitira  streak ; 
4,  TMCuUr  ties,  of  yjlk-wo ;  S,  non-vMcnlar  »r»»  of  yolk-MC ;  «,  ipUacbntc  MNUUt ;  T.  a<*n»tic 
nmaUact;  8,  •plblMt;  V>,  f*rtc*«»hjm. 

head  and  the  tail  folds  of  the  embryo  form,  these  longitudinal 
vascular  tubes  are  bent,  both  in  front  and  behind,  and,  after  the 
bending,  each  consists  of   five  parts.     A  dorsal   jut    wfc  mdfl 

ftlODg  i  he  dorsal  \v:ill  of  tli'-  alimentary  canal  ;  two   ventral  jwirtH,  one 

in  front,  of  the  umbilicus  and  one  Iwhind  that  orifice,  and  two  arches,  a 

ilialie  and  a  caudal, Kameefing  I  he  dorsal  portion  of  each  vessel  with 

anterior  and  posterior  ventral  portions  respectively  (fig.  645).    The 

•d  flows  bom  tin;  anterior  part  of  the  yolk-sac  wall  into  the  anterior 

ventral  parts  of  these  primitive  embryonic  •  hannels, 

■rhioh  m  called   the  oviphalo-mtscnteri'  veins.     The  antei  im  venl 

vessels  into  which  the  nmphalo-mesenterir  v.-ius  ji.i  m  that 

the  folding  of  the  embrvi.  has  taken  place,  in  the  dorsal  wall  of  the 

3  « 
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pericardium   and  O0  tbregutj    h 

primitive    heart   tubes,  and    their   untorior   ends   run    iritu    the    I 
cephalic  aor 

of  the  foregut  into  the  primitive  di  I       \  little  latex  the 

parts  of  the  ant  easdl  in  front  of  the  heart  are  « 

neoteil  with  the  -.easels  by  four  additional  arches,  one 

visceral  arch — t!  bete  ne  now  liv.    aoa  tee  on  each  side 

connecting  the  anterior  parte  of  the  ventral  with  the  anterior  parta  of 
•  lorsal  vessels.   The  portions  of  tbe  van  sde  which  lie  behind 

tin:  arobee  io  th  I  wall  of  the  peri- 

i  je,  and  I  bey  fuse 
o  Fbna  tin-  single  beai  t,  a 
■  (me  a  stogie  longit  ndinaJ 
veeaeL     The  parts  of  the  ventral  and 
dorsal  vessels  inn  behind 

ota  oi  the  aroh. 
In  mammale,  i  in    nil  mid  second 
Bar,  and  I  heti  s  antxal 
become  the  external  carotid  artery.    The 
arches  and  the  dorsal  root*  of  the 
first  and  second  arches  Conn  the  in 
carotids.    The  dorsal  root  of  the  third 
arch  diaappeaJB  on  each  side,  and  the 
ventral  root  tonne  the  common  i 
Eh       i  oi  r.-il  runt  of  the 
fourth  aroh   becomes    the   innominate 
artery,  and  the  arch  its  If  takea  part,  in 
formation  od  Jit   tubcl 

The  dorsal  roots  of  the  right 
fnitith  and   fifth,  arches  ami   the  d 
part   of   the  fifth  arch  lisappear, 

and  the  ventral  part  of  the  fifth  arch 
becomes  the  right    pulmonary  hi 
The  left  h'liri 

it  ml  roots,  and  the  dorsal  root  of  the 
lefl    fifth  arch,  take  part  in  the  formation  of  the  arch  of  the  aorta. 
The  left  fifth  arch  persiBtfl  i  ill  birth,  then  its  dorsal  part  beem 
fihrona  cord,  the  ligamenfaim  arteriosus,  and  its  ventral  part  forma 
the  lefl  pulmanai  |  fig  6 i?i. 

The  five  aortic  pond  with  the  ml]  arteries  of  Bel 

hut  in  mammals  tl  p  into  i  tee,  ae  in  the  fishee1 

gUls,     In  amphibia  three  pairs  peroel   ^hronghoat  life.     In  reptiles 
the  fourth  pair  remains  throughout  life  as  the  pen  right  and 

left  aorta?.    In  birds  the  right  Fourth  remains  as  the  permanenl  aorta, 
curving  ovei    tine   right    bronchus,  whereas  in    mammals,  tin 


am,    ft*.'-.  —  W«fim     rewriting    th» 

rrimltlv*  UmS-vmmI*  of  tlie  • 
,Ft»teeph»llc»ijrtl'-»Toli :  J.ii 
vmtml  part  •  rm»*l ;   S, 

dunia]  \»n  of  prlmiuvo  tm.hI;  i, 
nmlir  »r*»  of  yofiewe  ;  6,  iHwu-ruir 
urtnl  i'»rt  uf  primitive  rtm*«] ;  <>, 
caudal  ai>rtl<*  Brw;  7,  alU 
nmMMcal  brand)  -.,  ambUtel  <>r 
mllm  •  "lit*. 
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luuitli     .i  1 1 -1 1     beOOBMB    the    |M-riii!ilinil     aort;i,    OQTViDg    o\n     tin 

brenoh 

Behind  the doocaal  roota of  bhe  Bftib  arches  the  dorsal  longitudinal 

it.  as  far  hack  as  ihe  lumbar  region,  to  form  thfl 
descending  aorta,  and  the  lower  OE  posterior  and  "i  '•]  i3  con- 

Miin.-.l    i!    first    through   tin-  caudal  an-hi-s  into  the  DOS! 

portions  <<f  1 1 ^ * ■  1  aJ  vessels  which  end  oo  toe  yolk-sac  (fie. 

646)     Ah  boob  bs  we  sHaotoifl  forme,  each  of 

is  L'ivt's  off  a  largo  br.i:  ..  sod  iri  from  Of  tin  I  this 

vessel   it  atrophies  *»  that  now  the  dorsal  roasels  are  oontmufld 
through   the  oandal  arohsi  into  the  aUantoio  or  i 


»m  rriimuniUm  arTWigf  m*nt  of  primitive  Mood-i-tMcU  of  left  tkle  of  ffwbrro.    I.  L«fl 
primitive  Jngnlir  row  ;  ■.'.  Icf*.  .  :  nr;  S.  left,  nnlioal  rein;  4,  prutovaftolim ;  u.  [irlmillYp 

Inlnrtliw;  '•.  CMKlal  ftottte  »wih;  7,  atlMiinic  or  umbilical  artery;  8,  placenta;  V,  »tr..|il,k.| 
pwtarlor  r»*lr»l  part  of  pflmltivi"  immI  ;  10.  ynlk-«ae  artrry  ;  11,  yidk-w  ;  IS,  xwultr  ir«  on 
jmlk-Mr;  IS,  jwrlranlliim  ;  H,h»art;  15,  Miihalte  aortic  arch  ;  16,  tram. 

which  carry  hi 1  bo  the  p]  and  new  vessels  of  small  size  are 

rives  off  from  the  hub  aorl  Ik-sac.     A  little  later 

the  primary  caudal  SP  of  thfl 

Wolffian  duets,  :i r. -  replaced   by   new  whkffl   pass  oul 

the   dootSj    Bod    oomiect    the    posterior   ends    of    the    dorsal    longt- 

ktii'liniii  vessels  with  bhe  allantoic  arteries.    At  tlw  saim-  time  tin- 
hind  limbe  appear,  and  saah  reoeivei  s  braiiah  from  thecorr. 
dorsal  vessel ;  this  u  tJ  Dal  iliac,  artery.      After  its  appearance 

the  pari  of  bhe  dorsal  vessel  l"-t\v.-.-n  it   and   the  I "rta  is  the  common 
iliae  artarj,  and  the  portion  of  bhe  dan  I  re  el  behind  it,  together 
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Ktci.  M7.— Diagram  or  the  aortic  archea  In  ft 
mammal,  «huwing  trancfoni 
ghro  ft-*  t/>  t  ii*  pcnaMMai  »rt*riai  mmM, 

A,  PrlralUve  arterial  itwn  or  aortic  bulb, 


with  t        tvudal  airli.  liocotues  the  Internal  iliac  Of  hypogastric  ai 
in  tho  embryo  along  the  ventral  wall  of  th 

thUicalai  i  he  placenta. 

7%<r  y/rar/. — The   simple  longi- 
tadinal  heart  soon  becomes  separated 
three  traneveree  oonetriotiona  Into 
ohambera,  w  lncii  are,  from  behind 
forwards)    (he    sinus    venosus,    the 
.lurii'l-.-,  i In-  ventricle,  and  the  aortic 
I'ull.  (figs.  648  and  649).     The  sinus 
venosus  receives  the  omphalo-mea- 
'•n (eric  and  other  veins,  and  the  sort  i< 
bulb    terminate,  in    the    liftli  iii>  I 
and  the  ventral    roots  of      I    •    fourth 
arches.     Tim  .sinus  venosoi  i8  gradu- 
ally absorU-d  into  the  auricle,  and  at 
■me  time  the  heart  tube  bends 
so  that  the  auricle  is  placed  behind 
'   and  the  aortic  bulb- 
is,  between    them  and  the   wall 
of  the  foregut  (figs.   650  ami   661). 
As  soon  as  the  beading  ie  oomptoted 
each   chamber    La   divided    by   septa 
into  right  and   left    halves,   but  an 
opening,  the  foramen  ovale,  remains 
in  the  interauricular  septum  till  after 
bil  th.    Tho  uurtic  bulb  is  also  divided 
•  parts :  one  of  these  is  con- 

B  with    the    (iftb    arches, 

which  become  the  pulmonary  arteri' 

below  with  tho  right  ventricle; 
it  becomes,  therefore,  the  stem  of 
the  pulmonary  artery.  The  other 
part,  which  is  connected  with  the 
roots  of  the  fourth  arches  above  and 
the  left  ventricle  below,  forms  tho 
ascending  part  of  the  aorta. 

The  Veins.  —  1.  The  veins  of 
the  oinbryo  are  the  omphalo-mes- 
onteric,  which  carry  blood  from 
the  yolk  -  sac  to  the  heart.  2. 
Tho  umbilical  or  allantoic,  bearing  oxygenated  blood  from  the 
placenta  to  tho  heart.  3.  Tho  primitive  jugular  veins,  one  on  each 
side  returning  blood  from  the  head,  neck,  and  upper  extremities. 
4.  The   cardinal    veins   returning   blood    from    the    body    walls,    the 


now  nlvtrir.1  ■•eat  of 

•nanr ; 
an",  right  ami    Inft   aortlr.   rnotn;    A,  (la- 


the aortic   arch,    anl    i>,   th»    j" 

It    ro,it«: 
•caudtng  aorta  ;  1,  a,  3,  4,  B,  tlm  bv« 


•canning  aorta ;  1,  a,  s,  4,  B,  tlm  |M 

tire  aortic  or  branchial  arctw* :  /.  //,  /.'/, 

take  of  clearnsM,  have  own  omitted  on  the 
right  *\<\i.  The  porroanent  nyfttTnlr  vitaaati 
are  <l*eply,  -  ..:>•  arterta*  lightly, 

•haled ;  th"  part*  of  the  iirVmltW*  arcbot 
which  ara  ttanMtory  an-  «lmr»ly  oitllne-l; 
d    l»tw«an  tli«  |Mniianmt  noiumon 

caroUd  anartee ;  c  a,  asternal  carotid  arte- 

rloa;  ei,  lntyrn«i  caVBOtid  arteri**;  ».  right 

•ubclevlaii,  rising  from  ib«  right  aortic  root 
beyond  the  fifth  arch ;  e,  right  wMbral 
from  tho  «ani».  oppoalW  the  fourth  arch; 
V  1,  Ml  rorvbraj  and  mbclavUn  art^rlm 
rlilnit  together  from  th*  left,  or  permanent 
aortic   root,   oppoelt*    the    fourth    arch; 

^pulmnnary  arterta*  rtrtni  toeethir 
e  Inft  llfth  arch  ;  rf,  outer  or  beck  r.art  of 
left  fifth  arch,  forming  duclut  aiterioaoa; 
P  n,  p  W,  right  and  left  pneumofrextrtn 
MTvaa  dMcvmliag  In  front  of  aortic  arch, 
with  lliolr  recurrent  tranche*  rejireaenUsri 
illagraniiiiatically  ax  passing  beliini!,  toQlna* 
traie  tho  relation*  of  the**  nerrea  reepac- 
Urely  to  the  right  enbclariftn  artery  (4)  an<i 
the  aWh  of  the  aorta  au.l  ductui 
um*(rO-    (Allen  Thomson,  after  Ratlike.) 
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Wolffian  bodies,  and  the  hi]  ",    Tin-  ducts  of  Cuvier,  each  of 

which  receives  a  primi*  lax  and  a  cardinal  win.  and  ends  in  the 


to 


SB 


Fju.  t>is.     Ulagraui    rti<  recalling  an 

or   >i»»    Of    the  primitive 

heart,  MCik  art-lies,    and   Uielr 

ruota.     1,    Jlnltms  arUirlosua:  '.'. 

Ida;  I,  auricle;  4,  ilnus 

vcimsqs;  ';  cUuamdlnj  aorta;  6, 
ompbJtlo-.iiM>iit«rlr  rein;  7,  BBS- 
i>iiic»I  vein  :  *,  tluot  of  Caviar; 
>»l  rooU  of  aortlr  arches  ; 
10,  not  i»I  ruula  ut  aortic  archca. 


Kio.  Mil.  Oiatrram  repreaerjtlng  a  side  view  of  tha 
primitive  heart  with  tli«  cephalic  aortic  arenas 
an  1  tlialr  root*.  I,  First  cephalic  aortic,  -i 
second  cephalic  aortic  arcli  :  3,  third  oephalk- 
'  .urth  cephalic  atirtte  arch;  5, 
nrtii  CBpaaifc  aortic  arch;  (i,  buibns  artartoana; 
7,  ventricle;  8,  aurtel*;  V,  einua  vanoaua;  10, 
iiriiilialo-meaeaU'T  );  n,  ventral  root* 

of  aortic  ar  talroolaof  aoiUeueh«l 

II,  deacendlag  aorta. 


auricli-.     Tliu  iiiiiuitte  in  i  In-  Minna  venOQUftj  and  through 

it  in  the  auri<  1.-  (6k  648).      Both  ducts  of  Cuvier  retain  their  COB- 


s 


I'm.  an).— Diagram  rapraaenrJiig  a  aid*  view  of 
heart  after  it  has  M  led  on  itself.  4.  Ventral 
root  of  fourth  aortic  arch ;  ft,  nfth  bortU 
ferah ;  8,  bolba*  arts*  Iceuw ;  7,  ventricle ;  8, 
auririr ;  if,  s'.tius  rvnuauui ;  10,  luft  oiDphalo- 
MaM 


Kir..  6*1.— Diagram  mraaenttaif 
aa  anterior  view  of  the  lieart 
attar  It  ha»  folded  oa  fUelf. 
4,  Ventral  nwt  of  fourth 
aortic  arch:  6,  fifth  aortic 
arch ;  o,  bulbos  artarloaua ; 
7,  esnlticle ;  8.  auricle. 


11  with  the  auricle,  the  right  funning  the  l0W6t  j -nrl  of  the 
superior  vena  cava,  and  the  left  the  oblique  vein  of  Marshall  in  man, 
and  the  lower  pari  of  the  left  superior  cava  in  some  mammals. 
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jugular  vein  on  «  iifcoiiiuH 

tho  [ul ■!'•      'I'Im   I  rl  OB  thd  right   side  Incomes  the 

i  '  innom  ippei   |  ;   the  superior  i 

l    On  tho  left  ride  the  li  1 1  helps  to  form  the  loft  Nrnerfaz 

intercostal  vein. 

i-  .1  transverse  ana>i 


Tho  dirkmillie  jirlmltlv,  the  light  thei  vi>m»l 

a-i<1  inUmal  jufular  iimii         l  \urlcle»  arr  I 

lira  duct*  of  Ctr  ibovi  <»ch  «loet  of  Cuvier,  *»  far  u  th*  c\'.«rii»l  ami 

1 1  ivl  JnpiUr  vi  .:,(... 

UUwcanlliuU  rcii.    I    i  .      ,  uin  rata ■  ;,  lnt«n»lJUKular  vrin;  3,  »uhr|»ij»u  vein  ;  4, right 

iii»tn  vnln  :  . 'Mi-a\«;  rt,  rtglit  I'ipmf  ,r  intercostal  rwn;  '.  v*n» tiygo-  i 

8,  right  lifjutir  \«in  :  ;i  --■-■:  ll.i.'.» 

rtlii  ;  18,  iu)it  lirten  Bio;I4,l«AI  IA,WA 

»iiI*Tior  inu»rr.n*ii«i  vein;  lo,  obll<i>.< 

MjrgM  mil'  loft  cardinal  rein;    'X,  l»fl  cutumon   lilac   vnln; 

•Ji,  Buriclt ;  r2,  duel  of  Cnrler. 

primitive  jugul  Phi    subclavian  veins  uml  the  externa] 

iiiav   rem  '.  ,   oi      the  I'lniM.T  being  developed   is 

in  with  t In-  growth  of  iIm-  upper  limbs. 
The  cardinal  veins  Deceive  the  inter*  ad  Lumbal  reins 

the  walls  of  the  body, and  the  veins  from  tin-  Wolffian  bodies 

I   tin-  {"lint,  of  union  with  ab    from 

the  hind  Limb  the  cardinal   vein   I  the  internal   iliac   ■■ 

OVC  tho  externa]  I)  the  light  cardinal  vein  forms  the  right 
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THE  UVKR   VEINS 


«:..-, 


BODBBBOn  ilia-,   vein,  and  the  lower  part  of  the  inferior  vena  ORVB  below 
ight  renal  vein.     Above  the  right  renal  vein  it  bec<  I 

jor.     The  parts  of  the  left  cardinal  between  the  left  lumbar 

tr,  and  blood  from  the  left   lumbar  veins  and  tl 

OOmmOB   iliin    v.-in  is  carrie*!  across  to  the  right  cardinal,  and  subse- 

|ii.ri(iv  in  (In-  inferim  .  a  by  a  series  of  tt  -anastomosing 

channels,  of  which  the  lowest  become*  the  left  common  iliac  vein.     The 

upper  part  <>t'  the  li  it  cardinal  vi-in  IBalBO  DVeBBQ  n|i.aiid  its  remain-,  fn  in 

the  vortical  parts  of  the  minor  azygos  veins  and  lower  part  of  the  left 

Buperi  I  vein.    The  transverse  parts  of  the  minor  azygos  veins 

i.  developed  from  transverse  anastomosing  channels  (tig.  652). 


.1/vV 


'*.— Ulignm  thowlog  •*•  MTmapmia  »nJ  it*!-..'>.mi»'.iuii  <if  ocron  at  U»  |iriniHi«e  vHim.    A, 
Early  «Um ;   II.  I»t*r  lUge,  ■  ,  c*r.llnal   n 

right  ami  i  ,  rtalit  <iai|>tialo-in«amt«nc   vein;  6,  cannon  antUlaJ  »«n;   : 

r«n<-  ■  io  ;  10,  right  v«im  nwtan  ;  11,  Inft  »ru«  revtbut*  ;  It,  rl«bt 

nu  ■■!•  rhrnj  ;  IS,  Ira  raM  advttteaa. 

In  the  ■•ally  stages  both  the  omphalo-mee  "id  the  right  and 

left  terminal  ml  in   the  heart.     When 

the  liver  fi.niis,  the  omplialo-mes<  ins  end  in  vena  adv.  ln-ntw, 

which  break  op  into  oapfllaxiee  in  the  liver,  and  the  oapillariee  end  in 
venjB  revehentea,  which  beoame  the  hepatic  veins  (fig.  653).    The  left 

■ ; t ii -  vein  joins  (he  riL'lii  licpatn  win  t"  f"rin  a  common  trunk,  which 
becomes  i In-  upi»er  end  of  (lie  inferior  vena  cava,  and  this  is  prolonged 
down  to  unite  with  the  right  cardinal  I  of  the  right  renal 

D ;  but  before  joining  the  right  cardinal  it  gives  off  a  branch  to  join 

the  1>  it     iie.in.d  at  the  level  of  the  left  renal  vein,  and  thus  the  blood 

from  both  kidneys  enter*  the  to  earn.    In  the  meanthne 

transverse   anastomoses    have    formed    between    the    omplialo- 

U-lnw  the  liver,  and  still  lower  the  two  veins  fuse 
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together;  thus  two  loops  are  formed  through  which  the  duodenum 
passes.     The  veins  from  the  u  open  into  the  fused  trunks, 

the  splenic  vein  enter.-  the  Left  vein  at  the  level  of  the  lower  transverse 
anastomosis.  Subsequently  the  left  aide  of  the  Rppet  end  the  right 
side  of  the  lower  loop  dteapp  the  portal  vein  is  produced  fr 

the  remains.    In  tliemeautim  :  it  umbilical  vein  has  disappeared, 

and  the  left  has  united  with  the  left  omphalo-meseuteric  vein  at  the 
point  where  the  latter  ends  in  the  left  vena  advehens.    Froze  this 


V. 


31 


a 


a 


20 


H 


I 


F>0.  6M. — Diagram  rCfiraaenUng  a  later  al*g<  I  : .1  llun  that  aUun 

DOS,     1,  Primitive  Junior  rain  ;  »,  duet  of  Cuvier;  S,  u:>t»r  part  of  cardinal  voln,  no~ 
majir  in  of  URlit  lirwar  limb  uf  loop  formed  by  fusion  of  ornubato-mcaaatarte  tM 

In;   T,  tinea  vaanasa;   h,  llrer  ;   y,  loft  brai'  Ileal  rata;   !0,  rinlit 

l«ft  hepatic  vain  :    It,  tight  vena  a'lvebw™  ;   18,  left  vena  advohens  ;  14,  upper 

part  nf  Inferior  raaa  cavi  tial  vein  ;  14,  Iimwi  part  of  inferior  vena  cftf*  (earoual  ram); 

IT,  fuwl  put  i>f  nmplialu-maaanUrtc  ran  ""  alimentary  canal ;  IP,  anionic  vein;  au, 

remain*  of  left  upp«r  limb  of  loop  formal  hr  fialon  of  iimphalo-m««onierfc  veina ;    31,  ductu» 

]x»int  a  direct  chan  eg  up  beneath  th<  upper  part  of 

Hi.'  inferior  vane  cava;  this  is  the  ductus  vuuosus,aud  it  conducts  the 
greater  part  <<f  the  oxygenateil  blood  from  the  umbilical  vein  directly 
to  the  r  vena  cava,  ami  BO  I"  the  right  auricle;  hut  part  of  the 

umbilical  blood  passes  im  Hrer  with  tin-  omphalo-aneeenteri^ 

blood 

A  pulmonary  vein  forms  and  carries  blood  bun  the  lungs  to  the 
left  auricle.  It  is  subsequently  replaced  first  by  two  veins,  one  from 
each  lung,  and  afterwards  four  vein-.  tWO  from  each  lung. 


TUB  rOBTAI.   I  IK'^ULATIO! 


Ctkoulation  op  Blood  Of  the  Foyrua 

The  circulation  of  blood  in  the  foetus  differs  considerably  from 
that  of  the  adult.  It  will  be  wll:  j  •<■•:•  haps,  to  begin  its  description 
by  tracing  the  course  of  the  blood,  which,  after  being  carried  to  the 
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-TMiLgnm  at  the  Firul  Circulation. 


placenta  by  the  two  umbilical  arteries,  has  returned,  oxygenated  and 
replenished,  to  the  foetus  by  the  umbilical  vein. 

It  is  at  first  conveyed  to  the  under  surface  of  the  liver,  and  there 
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the  stream  ia  divided, — a  part  of  the  b 
infer!  oava,  through  a  renc 

nrhili  passes  Into  the  portal  vein,  and  reaches  the 

or  vena  cava  after  circulating  through  the  liver.  Whether, 
however,  by  the  direct  route  through  the  ductus  veuosus  or  by  the 
roundabout  way  through  the  liver, — all  the  blood  which  is  returned 
from  the  umbilical  vein  roaches    the  inferior  vena 

cava  at  Inst,  and  is  carried  by  it  t<»  the  right  auricle  of  the  heart,  bto 
wliich  r.r.  10  pouring  the  bl  has  circulated  in  the  head 

and  neck  and  arms,  and   has  been    In  ought  to  the  auricle   l>v   lb 
superior  vena  cava.     It,  might  be  naturally  expected  that  the  two 
streams  of  blood  would  bfl  d  in  the  right  auricle,  but  such  is 

not  the  case,  or  only  to  a  lent.     The  blood  from  the  superior 

vena  cava-  tl  :iuid  of  the  two — passes  almost  exche 

into  the  right  u  oiigli  the  miriculo-ventricular  opening,  just 

as  it  does  ug  the  adult;  while  the  blond  of  the  inferioi  rona  cava  is 
directed  by  the  fold  of  the  lining  membrane  of  the  heart,  called  the 
Eustachian  valve,  through  the  ioramen  ovale  into  the  left  auricle, 
whence  it  passes  into  the  left  ventricle,  and  out  of  this  into  the  aorta, 
and  tbenOC  to  all  the  body,  but  chiefly  to  the  head  nnd  neck.  The 
blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  into  the 
right  ventricle,  is  sent  out  thence  in  small  amount  through  the 
pulmonary  arterj  !••  tin'  lungs,  and  thonoe  tQ  the  left  auricle,  by  the 
pulmonary  veins,  as  in   the  adult.     The  gn-ai  however,  does 

not  go  to  tin-  lungs,  but    i  [gh  a  canal,  the  ductus 

arteriosus,  leading  from  the  pulmonary  artery  into  the  aorta  just  below 
the  origin  of  the  three  great  vessels  which  supply  the  upper  parts  of 
the  body ;  and  there  meeting  that  part  of  the  blood  of  the  inferior 
vena  cava  which  has  not  gone  into  these  large  vessels,  it  is  distributed 
with  it  to  the  trunk  ai  t  parts — a  portion-passing  out  by  way 

of  the  two  umbilical  arteries  to  the  placenta.  From  the  placenta' it 
is  returned  by  the  umbilical  tMffl  !"  tin;  under  surface  of  the  liver 
from  which  the  description  start' 

Changes  after  Birth. — Immediately  after  birth  the  foramen  ovale 

ductus  arteriosus  and  ductus  venosus, 
as  well  as  the  umbilical  vessels;  the  closure  is  completed  in  a  few 
days,  ho  that  the  linulatitm  then  takes  the  course  it  traverses  for  the 
rest  of  life. 


! 


Development  of  the  Nervous  System. 


■ 


The  nervous  system  originates  from  the  thickened  walls  of  the 
medullary  groove,  which  by  the  meeting  of  the  dorsal  ridges  ia  con- 
verted into  the  medullary  canal.  These  walls  are  composed  entirely 
of  epi blast.     The  anterior  part  of  this  mass  becomes  the  brain,  tl 
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rest  of  it  the  spinal  cord;  the  canal  itself  is  lean  in  the  adult  U  tlie 
ventricles  of  the  brain  and  central  canal  of  the  spinal  QOtd  Tin* 
nerves  are  formed  of  epibloat  too ;  they  are  outgrowths  from  masses 
of  cells  called  neuroblasts,  the  primitive  nerve-cells.  In  the  case, 
however,  of  the  olfactory  and  optic  nerves  we  have  not  to  deal  with 
solid  outgrowths,  but  with  hollow  protrusions  from  the  brain,  winch 
become  solid  at  a  later  stage. 

The  Spinal  Cord. — The  cavity  funned  by  the  closure  of  the 
neural  canal  soon  becomes  a  cleft  running  from  before  backwards,  li 
is  Ik. uiided  at  Brat  bi  aohunnar  epithelium;  theaa  aaUa  aftenranle 
become  ciliated ;  on  their  exterior  is  a  homogeneous  basement  mem- 
brane. The  wall  soon  becomes  thicker,  and  the  basement  membrane 
is  thus  separated  further  and  further  from  the  central  canal.    This 

increase  in  thickness  is  due  in  part  to  the 
increase  in  length  of  tin-  < ■olnninar  cells: 
in  part  to  the  .  t  j  •  J  i«  ■;  1 1  -i :  i«  *  *  of  new  Cdlfa 
The  inner  part  of  the  columnar  lining 
retains  its  palisade-like  character,  and 
forms  ultimately  the  lining  epithelium  of 
the  central  canaL  The  cells  are  called 
spongioblasts.  The  external  ends  of  the  cells 
break  up  into  a  reticulum  called  the  jny- 
dospongium,  and    this  fa  limit'  mally 

by  the  basement  membrane  at  the  circum- 
ference. The  inyelospongium  forms  the 
neuroglia. 

Between  the  inner  ends  of  the  spongio- 
blasts (fig.  656,  S)  numerous  rounded  cells 
called  gem  (G)  next  appear.    These 

rapidly  divide,  and  so  form  neuroblasts  (N).  The  neuroblasts  are 
pear-shaped;  each  has  a  large  oval  nucleus,  and  its  tapering  stalk 
is  directed  towards  the  outer  surface  of  the 
;  the  process  ultimately  pierces  the 
basement  membrane  (fig.  657).  These  arc 
the  primitive  nerve-cells;  their  processes  are 
the  axis  cylinder  processes  which  grow  out 
as  nci  v,  -til.res.  The  nerve  sheaths  are  formed 
later  (see  pp.  092-697). 

Tho  neuroblasts  collect  into  groups,  one  of 
which,  especially  large,  is  at  the  situation  of 
the  future  anterior  horn  ;  the  processes  of  the 
I  i  iniit.ivc  nerve-cells  pass  out  of  the  cord  as 

the  beginnings  of  the  anterior  roots  (fig.  658).  The  somewhat 
oblique  coursing  of  these  fibres  before  they  leave  the  cord  forms 
the    beginning  of  the  anterior  white  column.     The  posterior  white 


Flo.  i.' A.—  luitri  •nil*  of  •|<oank>- 
W*»U  (M).  "1tli  ptrmlMl  ml  in 
10)  botw*wi  th*m.  NN,  imiio 
HMU  wtikh  have  mulled  frum 
tb»  division  or  a  germinal  cell ; 
M,  my«lc»poogiuni  formed  by 
UieUraneliliiK  outer  and*  of  tl.r 
»pongwM»4U.    (After  Ili«.) 


: 
•acli  with  *  wn**-tilr*  ym- 
..-.,  pwrtt  |  •  u  tafead  "<■■■ 
tmmaml  i»wl<iw  vf  tb« 
embryoaicaplaaleort.  (Afi.i 
UU) 
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n.lninns  simultaneously  begin  to  appear  on  each  ride  uf  the  narrow 
doraal  part  of  the  canal.  They  are  formed  by  the  posterior  roots 
entering  the  cord. 

As  the  cornua  of  grey  matter  grow  out  from  the  central  mass,  the 
anterior  fiBsure  and  the  posterior  septum  of  the  cord  begin  to  appear. 
The  anterior  or  ventral  fissure  is  simply  a  cleft  between  the  enlarg- 
ing lateral  halves  of  the  cord.    The  posterior  septum  is  I 
condensation  of  the  neuroglia  in  the  dorsal  waU  of  the  neural  can 


i: 
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Yta.  A9C— Mnctfgn  of  *j>lnal  cor«l  of  •  four  w«eka  human  tnihryo.    Tin  i  eta  are  continual 

wtthln  tlinairtl  Into  •  amall  lonfiitmlin-lal  bnmllc,  winch  i  the  posterior  whim 

g  11.      Tli''  aulartor  root*  aro  formal  by  the  convantaacc  of  the  proccnam  of  lb«  iituroblaala. 

Ttis  latter,  along  with  tho  alonsatad  rail*  of  tlio  niyaloaponfiiim,  coropoae  the  grey  rout.  r.    (IIU.) 

The  cylindrical  Eonn  of  the  cord  is  attained  by  the  developmem 
the  lateral  columns,  which  are  formed  by  the  processes  from  neuro- 
I. lusts  in  the  brain  growing  down  the  sides  of  the  cord,  and  these 
become  niodullated  at  a  later  period.     The  membranes  and  blood- 
vessels are  formed  from  mesoblast 

Up  to  the  fourth  month  the  cord  and  vertebral  canal  increase  in 
length  pari  passu,  but  after  that,  the  vertebral  canal  grows  faster,  so 
that  at  birth  the  coccygeal  end  of  the  cord  is  opposite  the  third 
lumbar,  and  in  the  adult  opposite  the  first  lumbar  vertebra.  Tbifl 
gives  an  obliquity  to  the  lower  nerve  roots,  which,  together  with  the 
jUvm  terminal*,  form  the  cauda  equina. 

The  Nerves. — Some  fibres  grow  from  the  spinal  cord  and  form 
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the  anterior  roots  which  we  have  already  considered.    The  posterior 
roots  are  formed  in  the  following  way : — 

Along  the  dorsal  aspect  Off  the  primitive  cord  a  crest  of  epiblast 
appears,  and  is  called  the  neural  crtst.  Special  enlargements  of  this 
appear  opposite  the  middle  of  each  pair  of  protovertebree ;  these  grow 
downwards  on  each  side,  and  their  attachment  to  the  cord  is  then 
entirely  lost.  These  little  islands  of  epiblast  contain  numerous 
neuroblasts ;  each  island  forms  a  spinal  ganglion,  and  the  neuroblasts 
within  it  become  the  cells  of  that  ganglion.  Two  processes  grow 
from  each  cell ;  one  directed  towards  the  spinal  cord,  where  it  con- 


no.  MS.— A.  Bipolar  ell  from  uplnal  Banalion  of  a  4|  week*  embryo  (after  HU).  n,  N'ucletu;  the 
arrows  loricate  the  direr  Uon  in  wblcli  Uia  Dtrvt  prooiMM  grow,  one  to  the  •pinal  oord.  the  other  U> 
the  periphery.  II,  •  cell  from  a  rplnal  tjantflloo  of  the  ailult ;  the  two  proof  mh  her*  roal— nnrt  to 
form  a  T-ehaptr]  junction.    (Dlagraniina 


tributes  to  the  formation  of  the  posterior  white  column,  and 
ultimately  arborises  around  the  cells  of  the  grey  matter  at  a  higher 
level  The  other  grows  to  the  periphery.  Tne  two  processes  become 
blended  in  the  first  part  of  their  course,  and  so  the  T-sliaped  junction 
is  formed  (fig.  659).  Small  portions  segmented  off"  from  the  spinal 
ganglia  form  the  sympathetic  ganglia. 

The  Brain. — The  histological  details  of  the  formation  of 
epithelium  of  the  ventricles  from  spongioblasts,  of  neuroglia  from 
the  myeloBpongium,  of  nerve-cells  from  neuroblasts,  and  of  the 
nerve-fibres  of  the  white  matter  and  of  the  nerves  as  the  out- 
growths from  the  neuroblasts,  are  all  essentially  the  same,  as  already 
described  in  connection  with  the  spinal  cord.  But  the  grosser 
anatomioal  details  differ. 

The  front  portion  of  the  medullary  canal  is  almost  from  the  first 
widened   out  and   divided   into  three  vesicles.     From  the  anterior 
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vesicle  the  two  primary  optic  vesicles  are  budded  off  laterally :  their 
further  history  will  be  traced  in  the  next  Motion,  Somewhat  later 
ihe  same  vesicle  divides  into  two,  and  thus  the  I  •  lencephalon  and 
.lirnirrj.lialijit  are  formed. 

In  the  walls  of  the  posterior  (th  brd  vesicle,  a  thickening 

appears  (rudimentary  cerebellum')  wliii-h  becomes  separated  from  tin 
rest  of  the  vesicle  hy  a  deep  inflection. 

A  i  lIiih  tuna  there  are  two  chief  curvatures  of  the  brain  (fig.  660). 


Fiu.  WW.—  Bm  Ij  i <;ituant  vt  bun .m  litaiu  <"n .a -:i  1 1 1 . .-. i ).     1,  8,  8,  »n>  from  »u  •  mbrj'o  about 

mim  week*  old :  t,  about  tint*  mon'.hi  old.    m,  Mlddlt  oarabral  Taatda  (m«Mnc*phalnn) ;  e,  care- 

■  ■■ 

n».  S  allow*  the  aereral  curve*  whJcb  occur  In  tbe  count  of  dev«lop*wut ;  Dg.  *  ii  a  literal  view, 
tifE  Ibe  great  enlargement  of  ttio  wrrliral  hemnrhsr**  which  hav«  coveieJ  la  ibe  ttiaUml, 
leaving  tin?  uptic  lobea,  m,  uncovered.    (Kullfkar.) 

.V.B.— In  Dg.  2  tbe  lice  i  tenniuatw  In  Hi*  rijjht,  )if  minplior* ;  It  ougbt  to  b»  continue!  into  Iho 
illanoephalon. 


(1.)  A  sharp  bond  of  the  whole  i-rrebral  mass  downwards  round  the 
and  i»f  the  notochord,  by  which  the  anterior  vesicle,  which  was  the 
highest  of  the  three,  is  bent  downwards,  and  the  middle  one  comes 
to  occupy  the  highest  position.  (2.)  A  sharp  bend,  with  the 
\ity  forwards,  which  runs  in  beneath  the  rudimentary  cere- 
bellum  separating  it  from  the  medulla. 

Thus,  five  fundamental  parts  of  the  foetal  brain  may  be  distin- 
•jnisliiil.  vrhioh,  together  with  the  parts  developed  from  them,  may 
bo  presented  in  the  following  tabular  view : — 


(II.  us  I 


THK    ('KliKRKAL    IIF.M  i-HIKKKS 


Tarub  or  Part*  ncv £i/>r cd  rtOM  FvsoAMtsrtAL  Pacts  of  Brain*. 


I.  Anterior 
I'riinarv 

Veslclr. 


First    Secondary    V. 
Telencephalon,  or  Fore- 
brain. 


Second  Secondary  Vesicle, 
Diem-cphalon,  or  Twixt- 
brain. 


I  \nterior  end  of  third  ventricle, 
foramen  of  Monro,  lateral  ven- 
tricles, cerebral  hemispheres. 
I  'irpora.  striata  corpus  callosuni. 
fornix,  lateral  ventricles,  oIArB- 
tory  bulb. 
I  Thalami  ootid,  pineal  gland,  part 
I     of  pituitary  body,  Ebb .: 

trlcle,  optic  nen-e  and  retina, 
infuntlibulum. 


II    Middle  I  Third  Secondary  Vesicle. ,  ^  qUttdrigemin 

I'.  unary     [      Mesencephalon,  or  Mid-  •      2-jT.s   .\„„i„\ 

,■!,:.       |      brain.  I     ••crebn.a.jucductofJ 


crura 
Sylvius. 


Ccreltcllum 
Pons. 


1 1 1    n  -,»-.-:  .  i  Fourth  Secondary  Vesicle.  \  Fourth     ven-  > 

U^r        lFifth    Secondary    Vesicle,,  I '.■  .  -i  MedulU 

vesicae.       y     m  Myclcncephalon.  |     tri.  !< .  i      gata. 


obloa 


The  cerebral  hemispheres  forme* I  by  bifurcation  of  the  telence- 
phalon grow  rapidly  upwards  and  backwards,  while  from  their 
inferior  surfaces  the  olfactory  bulbs  are  budded  off.  The  middle 
cerebral  vesicle  (mesencephalon)  for  some  time  is  the  most  pro- 
minent part  of  the  foetal  brain,  and  in  fishes,  amphibia,  and  reptiles, 

it  remains  uncovered  through  life 
as  the  optic  lobes.  But  in  birds 
the  growth  of  the  cerebral  hemi- 
spheres thrusts  the  optic  lobes 
down  laterally,  and  in  mammalia 
completely  overlaps  them. 

In  the  lower  mammalia  the 
backward  growth*  of  the  Km 
spheres  ceaseB,  but  in  the  higher 
groups,  such  as  the  moukeys  and 
man,  they  grow  still  further  back, 
until  they  completely  cover  in 
■  Hum,  so  that  on  looking 
down  on  the  brain  from  above, 
the  cerebellum  is  quite  concealed 
from  view.  The  surface  of  the 
band  phei  m  b  at  first  unite  smooth,  bol  u  anly  u  the  third  month 
the  great  Sylvian  fissure  begins  to  be  formed  (fig.  661). 

The  DSXt  to  appear  is  the  parieto-occipiial  fissure;  these  two 
great  fissures,  unlike  the  rest  of  the  sulci,  arc  formed  by  a  curving 
round  of  the  whole  >•   <]>ral  mass. 

In  the  sixth  month  the  fissure  of  Rolando  appears :  from  thin 
Lime  lill  iru-  end  nf  fcetal  life  the  brain  grows  rapidly  in  size,  and  the 


Pi...  G6I — Mile  rlaw  of  flxul  brain  »t  «ix  month*, 
■bowing  oomtMacMBiMii  or  form 
iirlncip*l  fl««r«B  M'l  eu>Aulutwii».   F.  KrvtiU) 
lobe;    /',  parietal;   ".  oorlpltal ;    /",   l-rnporal; 
a    a     a,    ouniuimciSK    frunUI     eoi 
«,  Sytrtan    n««nrr;    **,    IU    anterior   divWIuii; 
t,  within  It  the  eentral  lobe  or  lilaml  of 
r,  fUaure  of  RoUihIv;  p,  jmrletooixlirfUl   Ot- 
•nre.    (B.  Waiver.) 
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convolutions  appear  in  quick  succession  ;  first  the  great  primary  ones 
are  sketched  out,  then  the  secondary  ones.     The  commissures  of  the 

A 


F».  aflf.— Longitudinal  Beetle*  of  tlie  primary  "tith-  Taelda  In  the  rhlek,  magnified (from  Remak).—  A. 
from  an  embryo  of  nitty-five  boiin ;  B,  a  few  honni  1st  i>»  fourth  day  ;  e,  the  cornauaa 

layer  or  epiderrnto,  presenting  Id  A  Hie  open  devreaeioe  for  Iht  Una,  which  U  rioted  la  B  and  O; 
I,  the  Irtia  follicle  and  lena;  wr,  the  primary  optic  veeicW*:  In  A  and  B.  the  reticle  which  forma 
the  optie  nenra  It  ahown  j  In  C,  the  arctic*  being  to  t»».  i-ilcle,  the  letter  la  not  ahown ; 

r,  the  aecondary  optic  veelck  and  rltreou*  humour. 


brain,  and  the  corpus  callosum,  are  developed  by  the  growth  of  fibres 
across  the  middle  line. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  lateral  ventricles. 

The  Bye. — Soon  after  the  first  three  cerebral  vesicles  have 
become  distinct  from  each  other,  the  anterior  one  sends  out  a  lateral 

V 


1 10.   WJ.- Diagrammatic:    akntch    uf    a    vertical 

lOTj^ftndbmTaactton  through  tin- eyeball  of  a 

Unman  firtua  of  four  woek*.    The  section  l»  a 

little    to  tha  aide,  ao    an    to   avoid    paaamg 

•       .    left:*,  the  Killtl»*hM» 

MM    later  the   onrnpal  epithelium;  f, 

hi;    op,    optic    nervn   formed    by    the 

pedicle  of  the  primary  optic  veeteir:   qa, 

primary  man  Hilary  cavity  or  optic  vealclr  :  p, 

'  lajerof  tk»  retina;  r,  thi 
wall    forming  tha   remaining  laver*   of   the 
retina  ;  v»,  ■■  •  ie  vaalcle  containing 

the  rudiment  of  the  rltreoua  humour,     x  100. 
(K.. Hiker.) 


Fki.  Mi.— Traneverae  vertical  aectioti  of 
the  eyr-t«ll  of  a  human  embryo  of 
four  week  a.  The  anterior  half  of 
the  etotiou  la  repreneuled :  pr,  the 
remalna  of  thi  cavity  of  the  primary 
OpUo  raalcle;  p.  the  lnuer  part  uf  llir 
outer  layer  forming  the  retinal  plg- 
•  I  inner  part 
h'lrlnK  rise  '  I  .itructurea  of 

the  retina;  r,  th«  commenting  vitns 
oua  humour  wflUfl  the  aecoadarr 
»r»ii-le;  0,  the  ocular  deft 
throut:li  which  Hi-  loop  of  the  central 
blood-veaaal,  a,  project*  from  below ; 
I,  the  lena  with  a  central  cavity.  X 
100.    (K.Mliker.) 


vesicle  from  each  side   (primary   optic   vesicle),  which   grows   out 
towards  the  free  surface,  its  cavity  communicating  with  that  of  the 
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cerebral  ve  h  the  canal  in  its  pedicle.     It  i 

and  invagmsted  by 

.ui    ingrowing  process  from    tin1   '-piblast  of   the  Burface  (fig.   64 
This  process  of  the  epi blast  is  at  first  a  depression,  which  u3: . 
becomes  closed  in  at  the  edges  so  as  to  produce  a  hollow  ball,  which 
is  thus  completely  severed  from  the  epidermis  with  whicli  it  was 
originally  continuous.     Fi«  I- How  ball  the  crystalline  lena  ia 

developed.    The  way  in  which  this  occurs  has  been  doaoribad  in  a 
previous  chapter  (set  >>     By  the  ingrowth  of  the  lena  the 

anterior  wall  of  ll  back  nearly  into 

contact  with    the  posterior,  and   I  primary  optic  vesicle  is 

almost  obliterated.    The  cells  in  the  anterior  wall  are  much  longer 
than  those  of  the  posterior  wall ;  from  the  former  all  ; 
the  retina  are  developed,  except  the  layer  of  pigment  cells  which  is 
formed  Eomn  U  e  latter. 

The  cup-slinped  hollow  in  which  tho  lens  is  now  I  i  termed 

the  secondary  optk  veaioli  ing,  how- 

ever, a  slit  below  where  it  meets  the  lena     This  slit  is  ili«- 
fissure. 

.  ity  of  tho  secondary  optic  aup  is  filled  by  piocesses  of  the 
neuroglia  cells  of  the  retina.  Amidst  these  a  process  of  vaaeolar 
mesoblast  projects  through  the  choroidal  fissure,  and  by  the  on 

E    the  two  the  vitreous  humour,  the  lens  capsulc.aud  the  c;ii--u1m-|«;i|( 
membrane  are  formed.    In  mammals  the  mcsoblu  ets, 

not  only  into  tho  secondary  optic  vesicle,  but  also  into  tho  pedicle  of 
i  fir  primary  i   i  Lnvaginating  istance  rrt 

beneath,  ot  rag  up  the  arteria  centralis  retina  into  its 

permanent  position  in  the  centre  of  the  optic  nor 
This  invagination  of  the  optic  nerve  does  not  occur  in  birds,  ami 
consequently  no  arteria  centralis  retime  exists  in  them,     i 
possess  an  Important  permanent  relic  of  the  original  protrusion  of 
(In;  meeoblaat  through  tho  choroidal  fissure,  in  tl<:  pdctsn,  while  a 
nit  of  the  sjiii  occurs  in  man  under  the  name 

cavity  of  tin-  primary  opt-  ■ 
completely  obliterated,  and  tha  roda  and  oonee  get  into  appo: 
with  the  pigment  The  innea  *  nnentaof  the  rods 

are  tha  fin  I,  then  the  outer.     The  cavity  of  it-  dis- 

s  ami  the  BOlid  optic  nerve  is  formed.    Meanwhile  the  cavity  in 
lie  primitive  lena  be  tied  up  br  the  growth  of 

:u  its  posterior  wall.     The  epil ; 
im  the  epi 
from  the  maaobJaat  wnich  ■••n  the  epiblaat  and  the 

primitive  lena  which  tj  tally  continnoua  with  £     Ti 

,d  the  eyeball  t  ohlaat  in 

which  it  ia  imbedded.     The  choroid  is  developei  the  mesoblast 

3  ' 
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mi  tl>  •  of  the  ip,  a.ud  the  iriB  by  the  growing  fur 

of  the  anterior  edge  »/f  tL"  optic  cup.     TJi  processes  arise  fr-r 

the  hypertrophy  of  the  edge  of  the  opti  tich  forms  folds  into 

which  the  choroidal  mesoblast  grows,  and  in  which  blood-vessels  and 
pigment-cells  develop. 

The  iris  is  formed  rather  late,  as  a  cinuil.ir  septum  projc 
inwanlH,  from  tho  fore  part  of  the 
choroid,    between    the  lens   and 
rjhfl  corihvi.     In   the  eye  of  the 
fcotus  of  mi  .  the  pupil  is 

closed  by  a  delicate  membrane, 
tho  membrana  pupilhriit,  which 
forma  Hie  Prom  purr  ion  of  a 
highly  vasctdar  membrane  that, 
in  the  foetus,  surrounds  the  lens, 
and  is  named  the  membrana 
capsulo-puptilaris  (6g.  665).  It 
is  supplied  with  blood  by  a 
branch  of  the  arttrui  centralis 
rttina,  which,  passing  forwards 
to  tho  back  of  the  lens,  tl 
subdivides.  The  arteria  i 
is  obliterated  in  tho  adult,  and  tfl 
then  called  the  canal  of  Stilling. 
The  membrana  capsulo-pupillarLs 
disappears  in  the  I  mi  man  subj 
a  short  time  before  birth. 

The  eyelids  of  the  lnmmn  *  rid  mamn  like 

those  of  birds,  are  firs  ted  III  the  form  of  a  ring.    They  then 

extend  over  the  globe  of  the  eye  unti  and  become  "firmly 

agglutinated  to  each  other.     But  before  b  in  the  carnivora 

after  :  I  ey  separate. 

The   Ear.     Wry   early  in  Qf   of   the  erabrro   a 

dopressi"  >  rOwtto  of  tin?  epiblast  occurs  on  each  side  of  the  head, 

h  deepens  and  soon  becomes  a  closi  to.      This  primary 

otic  veaicle,  which  closely  corresponds  in  its  len 

!  •  •  1 1 i « •  1  •>  in  the  oy-  'own  to  some  ■•e  surface 

it  are  developed  the  i  I  lining  of  the  membranous 

rinth  of  the  internal  ear,  consisting  of  tbe  vestibule  and  its  seraici 
cuiar  canals  and  the  seal  of  the  cochlea.    The  inrrot 

mesoblast  gives  rise  us  bouy  and  cartil 

parts  frhion  complete  and  enclose  this  membranous  labyrinth, 
bony  ular  canals,  the  walls  of  the  cochlea  with  ita  tcala 

and  scala  t\ 

The  Eusti  i  be,  the  cavity  of  and 


no.  au.-Mouri  vimtU  of  On*  captuto-fvyiC 

\n*ttt  »  uim-lu.'ii  •  nil). 

•Invlng  li  ukrn  fnun  a  |ir*|Mi*tlon  injn-ted  '• 

■ 

iB»'  '.r  Ui-  t>rt  work  of  nmh  tfl  tfMpapfl. 
Iiry  ibi.nt.rtn*.    (K 'l)lfcw.)1 
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external  passage,  are   tlM   remains   of   the   tirst  or   hy.  .- 

mandibular  cleft.  The  membrane  tympani  divides  the  cavity  of  this 
cleft  into  the  tympanum,  ami  the  external  meatus.  The  mucous 
membrane  of  t  vnx,  which  is  prolonged  in  the  form  of  a  diver- 

ticulum through  the  Eustachian  '  mm,  and  the 

external  cutaneous  system  come  in  •  ■■  itli  each  other  at  this 

point;  the  two  structures  are  separated  only  by  the  membrane  of 
the  tympanum, 

The  pinna  or  external  ear  is  developed  from  a  process  of  integu- 
ment in  the  neighbourhood  of  the  first  and  second  visceral  a 
and  probably  corresponds  to  the  gill-cover  (operculum)  in  fishes. 

The  Nose. — The  nose  originates,  like  the  eye  and  ear,  in  a  depres- 
sion of  the  superficial  i  ids  of  the  frou to-nasal  process 
(primary  olfactory  pit),  which  is  at  first  in  front  of  the  cavity  of  the 
primitive  mouth," and  gradually  extends  backwards,  into  its  roof  (p. 
846). 

The  olfactory  bulbs  of  the  brain  lie  in  close  relation  with  the 
roofs  of  the  olfactory  pits,  and  the  olfactory  nerves  are  out- 
growths from  special  upokj  cells  in  the  epithelium  of  the  pit  (set' 
p.  736). 


Development  of  the  Alimentary  Canal. 

The  alimentary  canal  in  the  earliest  stages  of  its  patent 

consists  of  three  parts — the  fore-  and  hind-gut  ending  blindly  at  each 

end  of  the  body,  and  a  middle  segment  which  communicates  freely 

on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the 

line  or  omphalo-mesenteric  duct. 

From  the  fore-gut  are  formed  the  lower  and  hank  part  of  the 
mouth,  the  pharynx,  oesophagus,  stomach,  and  tirst  and  second  parts 
of  the  doodenom;  from  the  hind-gut,  the  lower  end  of  the  colon,  the 
rectum,  and  the  bladder.  The  upper  and  lront  part  of  the  mouth, 
ami  the  nis.il   chambers  are  dev  COM    (ho  stoinad&al   space 

(p.  847). 

At  bbfl  other  end  of  the  alimentary  canal  the  anus  is  formed  by 
an  involution  from  the  free  surface,  which  at  length  opens  into  the 
hind-gut.  When  the  depression  from  the  free  surface  does  not  reach 
the  intestine,  the  condition  known  as  imperforate  anus  results.  A 
similar  condition  may  exist  at  the  other  end  of  the  alimentary  canal 
from  the  failure  of  the  involution  which  forms  the  mouth,  to  meet 
the  fore-gut. 

The  middle  portion  of  the  digestive  canal  becomes  more  and  more 
i    in.  till  Etfl  Wide  communication   with    the  yolk-sac  becomes 
narrowed  down  to  e  small    luct  (vitelline).     This  duct  usually  com- 
pletely disappears  in  the  adult,  bnt  occasionally  the  proximal  p> 
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remains  as  a  diverticulum  from  the  intestine,  Meckel's  diverticulum. 
Sometimes  a  fibrous  cord,  attaching  some  part  of  the  intestine  to  the 
umbilicus,  remains  to  represent  the  vitelline  duct  Such  a  cord  has 
been  known  to  cause,  in  after-life,  strangulation  of  the  bowel  and 
death. 

The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close 
beneath  the  vertebral  column,  but  it  gradually  becomes  long,  con- 


Fio .  6M.-  -  -Outlines  of  the  form  and  position  of  the  alimentary  canal  in  successive  stages  of  Its  develop- 
ment. A,  Alimentary  canal,  etc.,  in  an  embryoof  four  weeks;  U,  at  nix  weeks ;  C,  at  eight  weeks ; 
i,  the  primitive  Inngs  connected  with  tho  pharynx ;  «,  the  stomach ;  d,  duodenum ;  i,  the  small 
Intestine ;  <',  the  large  intestine ;  e,  the  caecum  and  vermiform  appendage ;  r,  the  rectum ;  ct,  in 
A,  the  cloaca;  n,  In  B,  the  anus  distinct  from  n,  tho  sinus  uro-geiiltalis ;  v,  the  yolk-sac,  vi,  the 
vltello-lntestlnal  duct;  u,  the  urinary  bladder  and  urachus  leading  to  the  allantols;  g,  genital 
ducts.    (Alien  Thomson.) 

voluted,  and  divided  into  its  special  parts,  stomach,  small  intestine, 
and  large  intestine  (fig.  666),  and  at  the  same  time  comes  to  be 
suspended  in  the  abdominal  cavity  by  means  of  a  lengthening 
mesentery  formed  from  the  splanchnopleur  which  attaches  it  to  the 
vertebral  column.  The  stomach  originally  has  the  same  direction  as 
the  rest  of  the  canal ;  its  cardiac  extremity  being  superior,  its  pylorus 
inferior.  These  changes  of  position  may  be  readily  understood  from 
the  accompanying  figures  (fig.  666). 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  con- 
nection with  the  intestinal  canal  are  the  salivary  glands,  pancreas, 
and  the  liver.  In  mammalia,  each  salivary  gland  first  appears  as 
a  simple  canal  with  bud-like  processes,  lying  in  a  mass  of  mesoblast, 
and  communicating  with  the  cavity  of  the  mouth.  As  the  develop- 
ment of  the  gland  advances,  the  canal  becomes  more  and  more 
ramified  (fig.  667).    The  submaxillary  and   sublingual  glands  and 
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the  wails  of  the  fore-gut,  in  the  form  of  two  conical  hollow  branches 

(tigs.  86E  The  inner  |  &  the  cones  e<  of  a  number 

of  solid  cylindrical  masses  of  cells,  derived  from  the  hypoblast,  which 

become  gradually  hollowed  by  the.  lormati  ■ 

and  among  which  hlui»d-\cs.sels  are  rapid!  -  Oped.     Ti 

cells  of  the  organ  anil  the  lining  epithelium  of  the  ducts  me  derived 

from    the    hypoblast;   the   connective  tissue,  and   vessels  from    Che 

inesoblast.     The  gall-bladder  is  developed  as  a  diverticulum  from  i 

hepatic  d 

The  splem  and  lymphati--  glands  are  developed  from  the  meso- 
blast :  the  thyroi  bypobki  i  rti- 
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i.e  (A  h  etteV  it  Uir  I  fill  ■)•)'  uf  inn. In.' ..  n       l.llrmt; 

'  iba  latoal  b  Uio  llvw  (  •  •■: ,  t.  i»rt  of  0* 

'  of  the  |{«mtasl  membrane    ( M 


oulnm  from  the  floor  of  the  fore-gut,  opposite  the  lirst  clefts,  and  by 
two  diverticula  from  the  fourth  ruott  The  hvpobhataoceua 

form  the  lining  epithelium  of  the  vesicles;  the  stroma  nf  the  gland 

is  formed  by  the  surrounding  mesoblast,  The  thymus  is  formed  in 
a  similar  way  from  the  thirl  visceral  clefts,  and  its  hypoblastic  cells 
farm  the  corpuscles  of  Hassall;  the  lymphoid  tissue  by  which  they 

ml  ultimately  surrounded  is  mesoblastic. 


Development  of  the  Reapiratory  Apparatus. 

The  Lungs  first  appear  as  two  small  diverticula  from  a  groove 
ho  t  lie  ventral  wall  of  the  fore  -gut  (figs.  668,  670). 

The  groove  is  gradually  separated  off  to  form  .  hea  and 

larynx,  and  the  diverticula  becomes  the  bronchi,  whilst  fch 

of  the  fore-gut  in  this  region    Forma  the  oesophagus.    These 
primary  bronchial  diverticula  of  the  hypoblast  of  the  alimentary 
canal  send  off  secondary  branches  into  the  surrounding  mesn 
and  t  i  ,  l>t  inches,  terming  the  air-cells.    Thus 
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wo  have  the  lungs  formed :  the  epithelium  lining  the  air-cells, 
bronchi,  and  trachea  is  derived  From  the  hypoblast  ami  oil  the  rest 
of  the  lung-tissue,  ami  of  the  tubes  from  the  mesoblast. 

The  diaphragm  is   early  developed  as  a  partition    of    mesoblast 
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ittratos  the  drratopfMtil  of  til*  w»pli»tory  organ*.    A  U  tlm  crmpbatfui  of  a  chick  on  lb* 
fourth  day  of  Incubation,  wlUi  U»«  rmilirwiiiu  of  tfc*  :mch«»  on  ttm  lung  of  Oja  Jnft  alilr,  rtownri 

laUcaliy;  I,  the  Infi-riot   «*ll  nf  i>  •amr  tttba;  8,  tha 

;  i,  the  iwnikIi  ;  1)  I*  tU«  *ame  object  aom  from  below.  to  that  boUi  long*  ar» 
rUltJn.  c  »howa  thn  uinjua  an<l  rmpimtonr  organ*  of  tl>"  embryo  of  a  horw;  l.tbs  tongue; 
J,  Uw  larynx;  8,  Uia  tracto*;  4,  tli  «i-l*.    (Afloi  Hath**,) 

dividing    the    original    pleuro-peritoneal    cavity    into    thoracic   and 
aMoinixidJ  serous  cavities. 

Development  of  the  Genitourinary  Apparatus. 

In  tin-  early  stage  td  to©  flavslopoient  el  toe  itrino-genital  organs, 
the  most  striking  thing  seen  is  their  resemblance  to  tho  segmental 


Km.  «7I.  -Diagram  oftratv»vnr««  aectlon  of  ««nbryodo#;ri*h.  On  tat  rttfbt  or  th*  nidWIlA  iiiwi,  A  n,  Hk 
primitive  enjEtii»uUl  tub*  (A'J  la  ecen  In  Uauaeerae  *ecllO*  ;  on  the  left  iWo  a  laiei  •Uc  U  rtpra- 
MntM ;  tt  hero  forniH  »  w*|l-marked  projection  into  U«o  pleuro-peritoneal  cavity,  awl  tbe  section  Is 
Nproaentotl  aa  |«u*1hk  Ibrvujtb  Uw  truni|i«t->hBpaJ  oiwnlnc  of  the  tub*  into  that  cavity  (A"). 

,  or  aephridia  of  wanna.  Tho  subject  was  first  worked  out  by 
Balfour  in  the  elaamobranch  fishes;  we  m.iy  ilnreforo  first  describe 
what  be  found  bare,  and  toon  mm  on  to  what  occurs  in  mammals. 

dding  diagram  (fig.  G71)  wo  have  a  transverse  sect i"ii 
through    the  embryo  in  which    the  structures   represented  will  be 
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familiar  from  our  previous  studies.  About  the  fifth  segment  a 
thickening  in  the  mesoblast  occurs,  which  grows  backwards  as  a  solid 
column  of  cells ;  this  becomes  hollow,  and  is  seen  in  transverse  section 
at  A';  later  on  the  hollow  extends  at  one  part  into  the  pleuro- 
peritoneal  cavity  by  a  trumpet-sliaped  opening, 
and  this  is  seen  cut  through  at  A". 

This  duct  is  termed  the  arcliinephros.  The 
prominence  created  by  this  duct  grows  into  the 
pleuro-peritoneal  cavity;  and  a  number  of  con- 
voluted tubes,  one  in  each  segment,  open  into  the 
duct,  which  soon  splits  into  two  longitudinally; 
one  division,  the  pronephros  or  Miillerian  duct 
(fig.  672,  M),  has  the  original  opening  into  the 
body  cavity;  the  other  convoluted  tubes  open 
into  the  other  division;  they  become  united 
together  by  connective  tissue,  and  form  a  solid 
organ  called  the  Wolffian  body,  or  mesoncphros. 
The  duct  is  called  the  mcsonephric,  or  Wolffian 
duct  (fig.  672,  W).  The  two  ducts  open  into  the 
cloaca,  which  also  receives  the  hinder  opening  of 
the  alimentary  canal. 

The  tubules  of  the  Wolffian  body  become 
more  convoluted,  and  form  the  tubules  of  the 
primitive  kidney ;  some  of  their  original  openings 
into  the  peritoneal  cavity  can  be  traced,  even  in 
the  adult. 

From  the  lower  end  of  the  Wolffian  duct  a 
protrusion  or  growth  takes  place,  and  this  also 
becomes  hollow,  and  a  number  of  segmental 
tubes  develop  and  form  with  it  an  organ  similar  to  the  Wolffian 
body ;  this  is  called  the  metanephros,  and  it  forms  the  hind  kidney, 
which  represents  the  true  kidney  of  the  higher  vertebrates  (K,  fig. 
673) ;  the  melanephric  duct  becomes  the  ureter. 

In  the  female  the  Miillerian  ducts  become  the  oviducts,  and, 
where  they  join,  the  uterus.  In  the  male  they  disappear.  The 
head  or  Wolffian  kidney,  and  the  hind  or  true  kidney  both  execute 
renal  functions  in  both  sexes ;  but  in  the  male,  the  Wolffian  tubules 
apply  themselves  to  the  testis  and  constitute  its  efferent  ducts;  the 
main  Wolffian  duct  becomes  the  vas  deferens.  Thus  in  fishes  and 
amphibians,  the  semen  passes  through  tubules  which  are  also  renal 
in  function. 

In  the  higher  vertebrates  the  duct  of  the  arcliinephros  becomes 
the  Wolffian  duct,  and  the  segmental  tubules,  which  are  rather  more 
numerous  than  one  to  each  segment,  get  bound  into  the  Wolffian 
body.     The  Miillerian  duct  is  not  split  off  from  this,  but  is  formed 
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FlO.  072.— Diagram  re- 
presenting the  uplilting 
of  the  arcliinephros 
Into  Miillerian  (M)  and 
Wolffian  (W)  ducta. 
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separately   by  a   longitudinal   folding  in   of   the   pl<  o 
cavity;    the  (me  kidney  is  formed   in   both   sexes  aa  before  by  a 
growth  backwards  from  tin*  Wolffian  duet,     ']'!  lea  are  at  iirst 

solid  column!  of  oeUi  which  ;ire  subsequently  hollowed  out, 

The   Wolffian    bodies,  or  temporary  kidneys,  as   they  may  be 
termed,  give  place  at  an  i  mod  in  the  human  foetus  to  theii 

successors,  the  pennanent  kidneys,  whi  l  »ped  behiml  them 


e 


;v- 
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it, : 


K».  »7S.— Diagram  nhowhig  tb*  relation*  of  tbc  fcattto  (Uie  left-hand  Inn  9)  and  of  tlia  tn!«  (ti« 

pal  to  Uie  cwoeral  plan  (the  middle  flgnre)  of  tbrn  organ*  la 
tlio  MglMr  vectetiraU(l:ietutll  is  nu).  CJ,  Cloaca;  H,  rectum;  M,  urinary  bladder;  V,  ureter; 
K.  a .  i  lul    :i»ti'l.  "ivary.ortMtU:  IK.  Wolffian  body;   PTrf,  Wiilfflaa  (loot; 

if,   MfUicffl  ■  ••,  profMM  gland;   t>,  Cowper*a  gUnd ;   C.jp,  earptu  »poog1oanm ;  C.e, 

output  caverno-ium. 

/a  »*♦  fnwlt.  —  V,  vagina;    C'f,  Ut«TU«;  Pf>,  Falluyiau  tube;  at;  rr,  parovarium; 

.1,  aima;  i  '   rH. 

/a  «a*  moi*.— C»j.,  (T.C-,  MBU;  It,  \i\-tai  maarullnli;  V  i.  vaaicala  MB  .  raa  daferaa*. 

{HixUy.) 


The  Wolffian  body  Loses  all  renal  functions.     In  the  male  it  applies 
itself   to  the  testis,  and  >ped  into  the  vasa  cffr.rcntia,  coni 

vasculo&i,  and  globus  major  of  the  epiilM ymia.    Its  dwt  forms  the  body 

nor  of  the  epididymis,  the  vas  deferens,  and  the  ej 
torjduot;  thevei  ninalis  i  ticidum  from  its  lower 

Id  the  female  a  relic  of  the  Wolffian  I-  nts  as  the  parovarium, 

;t  tonotionleai  coll  lulee  lined  with  ciliated  epithelium  near 

the  ovary  (see  p.  821,  fig.  618,  pe);  10   the  male  B  similar  relic  is 


(til.  n\  J 


TI1K   MULLERIAN   DDCTS 


termed  the  organ  of  Girald&s.  The  lower  end  of  the  Wolffian  «luct 
may  remain  aa  the  duct  of  Gaertner,  which  descends  towards,  ami  is 
upon,  the  anterior  wall  of  the  vagina. 
The  Fallopian  tubes,  the  uterus,  and  the  vagina  am  developed 
from  the  Miillerian  ducts.  The  two  Mullerian  ducts  ai 
below  into  a  single  cord,  called  the  genittd  cord,  and  from  this  are 
developed  the  vagina,  as  well  as  the  lower  portion  of  the  uterus; 
while  the  ununited  portion  of  the  duct  on  each  side  forma  the  upper 
part  of  the  uterus  and  the  EallqpiaD  tube.  In  certain  cases  of 
arrested  or  abnormal  development,  these   |  of  tin-  .Mui 

duets  may  not  becomu  fused  together  ;it  tln-ir   lower  extremities,  and 
there  ifi  left  a  cleft  or  homed  condition  of  the  upper  part  of  the 


Km.  OT'l.  —  DMjfTam  of  two-Jiorti»!  ut*ru«.    thm  body  i>f  Ui*  ntrrm  (in  U  formal  by  ilvn  fin. 
luo  Mtlllortan  i!>i.-t»,  tli-  ununltwl  purUou*  of  «l  i"»  <nrwuct»,  MlupUn  tulF-»<ir  In 

Ui«  auru  (O,  Oi 


uterus  resembling  a  condition  which  is  permanent  in  certain  of  the 
lower  animals  (see  fig.  676). 

In  the  male,  the  Miillerian  ducts  have  no  special  function,  and 
are  but  slightly  developed.  Th>-  hydatid  of  Morgagni  is  the  rqa 
of  the  nppei  part  of  the  duct.  The  small  prostatic  pouch,  uterus 
ma&culinus,  or  sinus  pocularis,  forms  the  atrophied  remnant  of  the 
distal  end  of  the  genital  cord,  and  is,  therefore,  the  homologue  of 
the  vagina  and  uterus. 

Between  the  Wolffian  body  and   [lie    m  v,  the  mesoblast 

covering  the  ridge  produced  by  the  projecting  Wolffian  body  H 
converted  into  a  thick  epithelium  called  the  germ  epithelium,  (see 
fig.  670).  From  this  the  reproductive  gland  (ovary  or  testis  M  (he 
case  may  be)  Lb  developed. 
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The  manner  in  which  the  ovary  is  formed  is  described  in  outline 
in  Chapter  LVIII.  (p.  825) ;  the  testis  is  formed  in  a  similar  way, 
only  the  downgrowths  of  cells  which  become  nests  of  cells  to  form 
ova  and  Graafian  follicles  in  the  female,  become  hollowed  out  as 
seminiferous  tubules  in  the  male. 

For  some  time  it  is  impossible  to  determine  whether  an  ovary  or 
testis  will  be  developed ;  gradually,  however,  the  special  characters 
belonging  to  one  of  them  appear,  and  in  either  case  the  organ  soon 
begins  to  assume  a  relatively  lower  position  in  the  body ;  the  ovaries 
are  thus  ultimately  placed  in  the  pelvis,  and  the  testicles  descend 
into  the  scrotum;  the  testicle  enters  the  internal  inguinal  ring  in 
the  seventh  month  of  foatal  life,  and  completes  its  descent  through 
the  inguinal  canal  and  external  ring  into  the  scrotum  by  the  end  of 
the  eighth  month.  A  pouch  of  peritoneum,  the  processus  vaginalis, 
precedes  it  in  its  descent,  and  ultimately  forms  the  tunica  vaginalis 
or  serous  membrane  of  the  organ ;  the  communication  between  the 
tunica  vaginalis  and  the  cavity  of  the  peritoneum  is  closed  only  a 
short  time  before  birth.  In  its  descent,  the  testicle  or  ovary  of 
course  retains  the  blood-vessels,  nerves,  and  lymphatics,  which  were 
supplied  to  it  while  in  the  lumbar  region,  and  which  accompany  it  as 
it  assumes  a  lower  position  in  the  body.  Hence  it  is  that  these 
parts  originate  at  so  considerable  a  distance  from  the  organ  to  which 
they  are  distributed. 

The  gubernaculum  testis  is  a  cord,  partly  fibrous,  partly  muscular, 
which  extends  while  the  testicle  is  yet  high  in  the  abdomen,  from 
its  lower  part,  through  the  abdominal  wall  (in  the  situation  of 
the  inguinal  canal)  to  the  front  of  the  pubes  and  lower  part  of  the 
scrotum.  The  homologue,  in  the  female,  of  the  gubernaculum  testis 
is  the  round  ligament  of  Hie  tUcrus,  which  extends  through  the 
inguinal  canal,  from  the  outer  and  upper  part  of  the  uterus  to  the 
subcutaneous  tissue  in  front  of  the  symphysis  pubis. 

At  a  very  early  stage  of  foatal  fife,  the  Wolffian  ducts,  ureters, 
and  Miillerian  ducts  open  into  the  lower  extremity  of  the  intestine, 
which  constitutes  for  the  time  a  common  receptacle  or  cloaca.  This 
opens  to  the  exterior  of  the  body  through  a  part  corresponding  with 
the  future  anus,  an  arrangement  which  is  permanent  in  reptiles, 
birds,  and  some  of  the  lower  mammalia.  In  the  human  foetus,  how- 
ever, the  intestinal  portion  of  the  cloaca  is  cut  off  from  that  which 
belongs  to  the  urinary  and  generative  organs ;  a  separate  passage  or 
canal  to  the  exterior  of  the  body,  belonging  to  these  parts,  is  called 
the  si  nut  urogcnitalis.  Subsequently,  this  canal  is  divided,  by  a 
process  of  division  extending  from  before  backwards  or  from  above 
downwards,  into  a  "pars  urinaria"  and  a  "pars  genitalis."  The 
former,  continuous  with  the  urachus,  is  converted  into  the  urinary 
bladder. 
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The  external  ports  of  generation  are  at  first  the  same  in  both 
sexes.  The  opening  of  the  genito-urinary  apparatus  is,  in  both  sexes, 
bounded  by  two  folds  of  skin,  whilst  in  front  of  it  there  is  formed 
a  penis-like  body  surmounted  by  the  glans,  with  a  cleft  or  furrow 
along  its  under  surface.  The  borders  of  the  furrows  diverge  pos- 
teriorly, running  at  the  sides  of  the  genito-urinary  orifice  internal  to 
the  cutaneous  folds  just  mentioned.     In  the  female,  this  body  becom- 


Fio.  677. — Diagram  of  tho  Wolffian  bodies,  llulloriun  ducts  and  adjacent  parts  previous  to  sexual 
distinction,  as  seen  from  before.  *r,  The  supra-renal  bodies ;  r,  tbe  kidneys ;  ot,  common  blastema 
of  ovaries  or  testicles;  W,  Wolffian  bodies;  re.  Wolffian  ducts:  mm,  Mullerfan  ducts;  g  e,  genital 
cord  :  ug,  sinus  uro-genitalis ;  I,  intestiue ;  d,  cloaca.    (Allen  Thomson.) 


ing  retracted,  forms  the  clitoris,  and  the  margins  of  the  furrow  on 
its  under  surface  are  converted  into  the  nymphae,  or  labiee  minora, 
the  labia  majora  pudendrje  being  constituted  by  the  great  cutaneous 
folds.  In  the  male  foitus,  the  margins  of  the  furrow  at  the  under 
surface  of  the  penis  unite  at  about  the  fourteenth  week,  and  form 
that  part  of  the  urethra  which  is  included  in  the  penis.  The  large 
cutaneous  folds  form  the  scrotum,  and  later  receive  the  testicles. 
Sometimes  the  urethra  is  not  closed,  and  the  deformity  called  hypo- 
spadias then  results.  The  appearance  of  hermaphroditism  may,  in 
these  cases,  be  increased  by  the  retention  of  the  testes  within  the 
abdomen. 

The  supra-renal  capsules  originate  partly  from  the  mesoblast  and 
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partly  from  certain  special  cells  of  the  sympathetic  ganglia,  called 
chromofine  cells,  on  account  of  the  yellow  colour  they  acquire  when 
hardened  with  chromic  salts.  The  chromofine  cells  form  the 
medullary  parts  of  the  suprarenal  bodies,  and  the  cortex  is  de- 
veloped from  buds  of  mesoblastic  cells  separated  from  the  peri- 
toneum on  the  inner  sides  of  the  germinal  ridges. 
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GereUollum,  048 

etfeeU  of  removal  or  dtaeaeo,  TO* 

fiuulbratluu,  <b. 

funotlrme  of,  703  rt  trtf. 

grey  matter,  107, 024,  048 

lieral-flxUTatK.il,  reeulte  of.  710 

•rialctrculax  canal*.  702 
extirpation  of,  707. 708 
kH]f  impuleea,  704 
.cture,  048 
Or*i.ral  cortex,  DM 

hi  .toliylcal  atructurr , 
Cerebral  bamupberee.    *»  Cerebrum. 
Cerebral  uervoa,  oninii  or,  cso  rt  arf , 

St*  aruiar  tiantca  of  nerve*. 
Cerebri  u,  174 

Cerebro-apinal  axla,  l!il,  807 
Cerabro-epla*)  fluid,  178.  «»,  828 
Cerebroepraal  Mrroaa  ay.teni,  ID  I,  DM 

*«  HraUi,  Spmal  Cool,  »W. 
Q  — t-r  .in.  M 

Convolution*  Of,  «?  f(  #rtj. 

crura  of,  038 

d*tr*m«ratloc  tract*  after  "ajary  of  Itolandic 

area,  089 
development,  861 
eSfeota  of  tnjnry,  083 

removal,  078,  081 
external  capsule,  *i5 
function*  of,  679  rt  «•!. 

early  notion*.  078 
grey  matter,  107,  008 
internal  capeuie,  064 
ltxautaattuii  ol  furor  Hon*.  07l» 
motor  area*,  tol.O86.o0o 
relation  to  •pooch,  703 
«Mi»orjr  amaa,  083 

extirpation,  <6. 

itbraulalkm,  *». 
•tructure,  OfJS  tt  ttq. 
wbito  matter,  8M 
Gtrumlnoua  glanda  of  ear ,  5TS 
Chamber*  of  tlio  eye,  770 
Chaiiveau '«  tlromograph.  364 
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880  44  am 
CbemoUtta.444 

Clxat,  expanaiooi  In  bwptrataue,  801 
Ctteat-vo4O0, 750 
Mi-Tiv-MtOlW  reaplratfcm,  80b 

Mi 
RMaaWflOa.  Ill 
Uivlalic  act  1 . 

Cliolaaimn,  93,  170,  894,  Ml 
ChohH-H  ' 

OmUim,  170, 178,  803 
CUoaylrtn.61.404 
CbocJalin  1  ..hi.  470.041 

eBecUi/fatlfflUlatlontif  divided,  47.' 
Chord*.  Undine*-.    Sit  Heart. 
Chorion.  8S0, 641 
Uiorold  coal  at  eye,  "Ob 

Wood  veaaala.  70S 
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<:iiun>nui  ri.iuiu,  888 
t.'liroanatlc  »!• 
Cbroaoati. ..  lit- '401) 
ci.romatuiy.U,  SOT 

<Anc  cell*.  878  ; 
NBOfjea,  888 

'  ,  i.jiii-i  lint.-.,  8BJ 

molecular  beat*  of.  81b 
Chyme,  608 

i.-ula,  888 

Ciliary  epithelium,  37 

'.luuof,  at 
Ciliary  motion,  39 

net-are  of,  .'■ 
Ciliary  mu»clea.  709 

a.-umi  of,  in  aiapUtlon  bo  dtataaret,  "8* 
Ciliary  pro.-- 

aaira,  078 
Circulation  of  Wood,  300,  330  • ' 

icUun  of  boert,  300 

iu  brain,  SU 
eapmaxtaa,  894 
oourae  of,  118  rt  »e». 

-    n  atructuras,  813 
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portal.  114 

palraooary,  (A. 
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in  rein*,  310 
rtJoolty  of,  378 
Jt.jry  syiteni.  300  tt  tt*i. 
<  ircumTallaU'   |tapUba  of  Uw  tongue,  710 
Ciau.trum.OM 
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tb*oir**of,  414 
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antftMbW 

Corpuscle*,  of  Granury,  771 
of  Herbal,  719 

Covcyx**!  ulaad,  941 
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Corti*  rod*,  744  h  *%. 

Coeulaa  of  the  ear,  741 

Utourtoa  bi  oonoecUon  with,  749 

ofllooof,749 

Colon,  818 

Coughing,  mechanlam  of,  804 

i  tetMaBLUtMorn 

Cowpsra  gland*,  548 

Cranial  utm,  190,  040  «J  *f«.,  848 

CoM*pjfca,7S0 

Cull**,™,  sr,  ii,  408 

OJIW.U,  sa,  wo 
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TiimtM.  nnn.  aim,  m 
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Cr**Unbm,o68 

corpuaolea,  401,  466 

Creaccnt*  Of  QbkDUXxl,  47r> 

Ooloor-blBxlMM,  799 

Cretinism,  cause  of,  830 

Ooioar-paiwfUtoii,  797 
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rid  uartUaK". 
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llitort**  of.  798400 

OftaU  a..ou»tlca,  707,  "48 
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C'roaaaaof  llaiivi. , 
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Crowbar  accideiil.  Owl 
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Complementary  ooJoum,  7*8 

Crust*,  888 
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Cry  pu  of  Liebcrkuun,  464 

noamoM  glaudi,  «rs 

OotioapUon.  716 

Cryslallln,  770 
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elaalle,  49 
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■trout.  41 
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icmoral  atrucinre  of,  84 

(  ystle  duct,  602 

JaUr-llIu,  48 
reUtorra,  44 

CyaUn  Id  urine,  609 

various*,  86 

Conservation  of  canity ,  law  of,  002 
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Dar.                                   .  80S 
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Oo-ordlnattou  of  muscular  mov*m*ti'.  - 
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baxallii,  SSo 

deralopmciit  of,  8S7 
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mmistrualU,  810 

Con.ua,  765 
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oorpuaolM,  707 
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•traoturr, 
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no*  of  aplnal  cord  ou,  584 

Corpu*  Aran  Ul,  418 
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IHItan,  oall*  of,  746 
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caUonm,  8*t 
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ttaUl  tcern,  73 
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L'ctiUn*.  09 
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fanaatlun  of,  78 
nctura,  89 
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•;  jc)«:o»um,  011,  919 

Dvproaaor  narva,  800 

striatum,  668 

Itrrmu,  670 
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ninmrtiiittnbuln.'  i! 
Deylaro-alburnoan,  4*7 
Iferalopnant,  887  ■ 

ftlpOMtiMUC.44 

aJJxnanUrjr  mmI,  807 
altaato*.  842 

artetlat.849 

MooO-TiMito,  m> 

bona,  69  ri  am. 

brain,  801 
"decMua,  i»T 
MT.IM 
eitrerarUei.  «.". 

eynW  8<V> 

Km,  Ml 

fallopian  tubea,  876 

f't-lal  DumlinrM,  889 

frainr  ly.  MS 

pmlto-uriuary  apparatus,  871  rt  K9. 

head,  $46 

tkenrt 

tr.ta.Uwa.,  «7 

ltmba.Stf 

ltvar.SW 

Imp,  870 

medulla  oblongaU,  8(3 

muscle,  88 

nerranbrat,  9« 

natron*  •jr»Um,  8M  »l  s«o. 

MM,  607 

<Mophacaa,  <*. 

,.  flM  MTV*,  H0 

orssna  of  am**,  864,807 

88  ifti,  S"  .' 

DfMMI.aVi 
pharynx,  867 

respirator*  apparatus,  S70 
■all  vary  tdaU'la,  88T 
spinal  '-on  1,  869 
atornarh,  gflT 
teath.  71 
ragina,  87ft 
rascular  system.  849 

varUbne,  844 

visceral  arcbea  and  elf  Aa,  MA  it  u>j. 

Wolffian  bodtaa.  urinary  apparatus,  and  sexual 
otKaju,  872  tX  *cq. 
l>ortr!n,  803 
Ds*troea,888 

ii.  SatM|   '.1 

taata  for  daUrrafobia;,  889,  571 
Dtabetaa,  610.  804 

artificial  prodnrtlort    In   snlmala,  AltJ,   MT  (at* 
071) 
Dialysis,  823,  397 

His  [-Wis  of  blood-corpusclea,  3M 
iMi'Virasn,    S>r  Inspiration,  etc. 

darekrpment,  871 
I'Uitaaaoflivtr. 
Diastole  of  heart.  281 

.  pulaa,  391 
Dlanc-phaloo.  8*3,  SOS,  846 
Diet,  S8T  (t  *m. 

notrtUv.  value,  46* 

UlaW,  460,401,  687  ft  fey. 
Dlflarraca-tnnn,  740 

Diffusion  and  camosls,  distinguished,  883.  S'C 
Dlgaatkw. 

Ill  the  Irjtwtliiaa,  400  f*  mi. 

duration  of,  683 
mechaulcal  pTOceaaaa,  636  <i  ■ 
tfs*  Gastric  fluid,  Fowl,  SHomaoh, 
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rhtetofOarrtner.KTi 
Dnetleaa  gbinde,  398  tt  are. 

tbeorwa  of  accretion,  830 
I  >urt«  of  UalltM,  637.  MS 

uf  Cufter,  368 
Uaetns  utatioant.  863, 668 
cloaure  of.  f~ 

*  enusua,  800, 848 
closure  of,  858 

E^r.oaK5^,tt0 

Daodeoom,  461 

Dnpre*8  urea  ■ppumtoi,  864.  66* 

i>«».  Bitot,  m 

I>ysptvra,  303.  871 
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function  of,  NT 
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rxtrTDal,  788 

function  of,  748 
Internal,  741 

function  of,  746 
..,'  M>,  TM 

;       .,(, 
Bc_k  1  Oatula.  867 
avrvaBjtty 

nerra-ndle,  368 
Km  aa  food,  4U>,  40b 
Khjlkh* experiment*  with  methylene  bln«,  879 

sMe-rhnIn  theory,  443 
BBtlll  IWllaip.  '!<,    I 
Bbrea.  41 

tlasue,  48 
Blaatin,  38,  404 
KlecLrtoal  entreat*  of  ratina,  803 

pbonosnena  of  mnaela,  isa  n  »«-j .,  180 

. »r latKm  in  otntnU  nacrona  ajpatan,  097 
In  gteatVi.  478 
Klnctrtcltr,  anion  on  blood -.■orpux'lM,  ivi 

In  muarK  141  -«  t-j„  187 

narrn.187 
Hi™  trolna,  non-|<olariMii ■'• 
BlaCtranwUr,  LiU'niatm'a  capillar* .  188 
Eleotratotra*,  17U 
KMdln,  676 
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Kmlirjo.  887  «<  u>).    5«  T>r«]o]>m«iit. 
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Rmhryosic  Arba. 

Embryonic  are*,  881 ,  833 

heart  awl  blood-vessels,  861-858 
Emetics,  681 

K  main  In  cation,  806,  41«2,  521 
Enamel  of  teeth,  70 

formation  of,  78 
Enamel  organ,  lb. 
Rnchytema,  0 
Rnd-bulbe,  720 
Rnd-plates,  motorlal,  HO,  or, 
Riidocardlae  pressure,  840  n  §m 
Endooardlutn,  307 
Endogenous  fibres,  003 
Hndolymph,  70S,  741,  744 
Rndomysium,  70 
Kn'loueurlum,  04 
Rndothellum,  34 

dUUnotlve  characters,  ih. 

germinating,  ih. 
Energy,  law  of  conservation  of,  002 
Eosinophils  oells,  421 
Bpencephalon,  024 
Rplblatt,  21,  882-881. 

organ ■  formed  from,  836 
Eptcanllum,  200 
Rpldermli,  074 
Epididymis.  817,  819,  873 
Rptglottls,  760,  7.'.7 
Rplmyslum,  70 
Eptneurlum,  04 
RpltUelium,  23 

olinmlstrv  of.  83 

dilated,  27,  826 

MMged,  83 

columnar.  25 

compound.  22 

cubical,  2.'. 

germinal,  821,875 

goblet-ahaped,  20 

nutrition  of,  88 

pavement,  22 

renal,  640 

simple.  22 

spheroidal,  25 

strati  Mod,  81 

transitional,  80 
Rraottle  structures,  circulation  In,  SIS 
Erection,  813 

cause  of,  ih. 

centre,  070 

Influence  of  rauicular  tlasue  In,  313 
Rrg,  2*4 

Rrgooranh,  Momo'ii,  ISO 
Rrythroblasts,  427 
Rrythnwirxtrtn.  802,  480 
Esbach'a  albummoraeter,  571 
Htlimold,  848 

Rtlimo-vomertnn  plate,  847 
Ruatachlan  tube,  788,  747,  807 

function  of,  747 

valve,  868 
Exchange  of  material,  585 

In  diieaaea,  602 

with  various  diets,  600 
Excitability  of  nervra,  172 

of  Uaauea,  90 
Exercise,    effects   on   temperature   of   body, 

600 
Sxoraioui  fibres,  002 
Expiration,  863 

fere*  of  expiratory  act,  869 

mfluanc*  on  circulation,  850,  369 

mechantim  of,  854 

muscles  eoneantad  In,  <fr. 

relative  dotation  of,  800 
BxtanaJ  capsule,  066 
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Exu-rual  respiration,  375 

sphincter  muscle,  682 
Extra  ventricular  nucleua,  064 
Extremities,  development  of,  845 
Rye,  704 

action  of  drugs  on  pupil,  789 

adaptation  of  vision  at  different  di«- 
tances,  780  et  uq. 

blood-vessels,  770 

causes  of  dilatation  and  contraction 
of  pupil,  789 

chambers  of,  770 

development,  804 

optical  apparatus  of,  777 
defect*  In,  784 

refractive  media  of,  777 

resemblance  to  camera,  770 
Eyeball,  705 

blood-vessels  of,  770 

electrical  currents  of,  808 

muscles  Influencing  movement,  804 

various  poaltlons  of,  806 
Eyelids,  704,  705 

development  of,  8C0 
Ryes,  simultaneous  action  hi  vision,  806 
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Face,  development  of,  840 
Facial  nerve,  041 

effects  of  paralysis  of,  46. 

origin,  042 

relation  of,  to  expression,  ib. 
Kieces,  composition  of,  624 
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Fallopian  tubes,  825 

development  of,  875 
Falsetto  voice,  769 
Faradisation,  121 
Far-point,  780 

Fasciculus  solttanus,  080,  040 
Fssting, 

Influence  on  secretion  of  bile,  690 
Fat.    Het  Ad  i  po.se  tissue. 

action  of  bile  on,  612 
of  pancreatic  secretion,  498 

situations  where  found,  48, 44 

uses  of,  40 
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absorption  of,  621 

action  of  pancreatic  Juice  on,  402 

chemical  constitution,  898 

decomposition  products,  804 

eraulsiflcation,  895 

of  milk,  408 

saponification,  805 
Fatty  acids,  898 
Fatigue,  097 

In  nerves,  161 
Female  generative  organs,  821 

pronucleus,  828,  830 
Fenestrated  membrane  of  Henle,  210 
Fenestra  ovalls,  739,  741 

rotunda,  739,  742 
action  of,  748 
Ferment  coagulation,  898 

Ferments,  405,  482.    Stt  also  Blood,  Milk,  Dlgea- 
tiva  juices. 

classification  of,  406 
Fibres  of  Muller,  772 

of  Remak,  06 
Fibrils  of  muscle,  81 

of  nerve,  02. 
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daatlflcatkm,  i*. 

fan  In  iii.i.T.  '  • 
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Filtration,  818,  Sl».  » 
Ilium  terminal*.  ««,  800 
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^.wbUi! «  mrthod,  KM 
ncUchi*  iivmoKlofaitMMteter, 488 
Ftralt  of  aiiltnali,  460 
r.TM 

M  food,  407 

FlttMa,  mallow  Iiir.  827 
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ra-robtaina,  880 
<Jev 
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absorption  of,  £10  rl  «<j. 

•oeoMorl**  lu,  400 

cooking,  40* 
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heat- vain*  of,  800 

of  man,  400 
too  IKUt,  880 

pmxlniatn  prlnrjplra  In,  i.-U 
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Foramen  ovale,  »j.' 
of  MafidMllr,  023 
of  Monro,  054,  W3 
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.  3113 
KortJJX,  064 
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Vrwlrrlcn't  arroVmowti-r,  381 
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GalatUne.  ISO 
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■tract 
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and  IU  OrrlvBUMM,  496 
Ganglia.    Sat  Scno-centrta. 
«yn:'  '.lona  of,  290,  900 


QlU4 

Tift 

■  ilynif,  884 

Qmm, 

■ 

la  U. 

In  tlia  lonir- 

of  plaamaaKd^rum,  Of 
(laatric  Klandi.  481 

tonerraUou  of,  484 
Oaetrtcjulo  . 

acldi  In,  4*3 
t«l  for.  484 

action  on  bncteria.  I(W 

action  on  food,  487  (*m  828) 

artlllrlal,  4S1 

compodtton  of,  488 

ptpdnof,  4< 

accretion  of,  4  K3 
Ir.rlueoc*  of  nnrroua  fyalem  on,  483 
Gar-Loaaac'i  law  for  £*•>-*.  823 
Gacochtat),   too,   lav   of  aslpalal    «mductlur 

m 

Gdatm,  8T,  408 

a*  a  cousUturtit  of  food.  400 
Generative  oi-.m*  of  Uia  l*n,al> . 

of  lb*  ma)   . 
GmiHaI  coi.l,  676 
Gen  rtc- urinary  epj-anGiu,  d*T«topn«t  of,  871 1 

Mf, 
Oanatrt.  lluaof,  060.  rsa,  Ti.t 
Oeriacba  natwwk.  010 
*..r  i-.ma'  m  -.-.1 

*plthdlum.821,875 

«;»''.'-",  ■  '• 
vedcle,  JO.  S» 

i. .»!,•. turn,    i 

Gl«n<1i.    Sw  mkim  of  ilUVr-nt. 
Glltaon'i  catmile,  808 

.490 

iir  pruetaaaa,  840 
.th.t.n'i,,.,  i;.,.  :.:•,:..    ■■:• 

-lUtliii-ikm*  from  albumin,  *»0 
GIoaao-krjMUltiFiic  araa,  006 
Gloaao-ptiarynHral  mrn,  CVD,  044 

«   Mill  uf.  644 
fnncUohi, 

motor  nlaioenta,  04ft 
a  nrrr*  of  common  a»ii«ailon  ■»<]  of  Uaio,  U>. 
GlottU,  moreoieiiU  of,  T68,  TW 
G  loco-  pruUldj,  401 
GtaDoauUoa, 
•■«». 

:,.*,!  4 

U»t  tor,  Wi 
GlyccrWca.  808 
Glvcnrta  or  Gircarsl,  SH 
Gljeoc hollt  ati.d,  410 
Glycine,  if*.  80S 
Glycogen,  tin,  :.n 

charactvra,  801 

dorttnatioa  of.  411 

praparatKui,  14 

quantity  forwiad,  •'•. 

ionrc*  of,  814 

rariaUon  with  U>ot.  616 
fllyooaurta,  610 

Glycnronlc  acid  and  »ngM,  117 
ObboUd'b  tart, 

.     ■ 

,0ll,«14,UIT,«t7.rt82 
notch,  •xparlmaMU  on  narroa,  189, 171 
(kiweiV  Wmarytometar,  l!4,  t*S 

•JoWuOJMlW,  4J7 
Graafian  follklaa,  B» 

fonnnUuii  and  dawlopmeol  of,  <*. 
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GaUArUN  Follicles. 

Gra-tflan  follicles—  eonXinurd 

relation  of  ovum  to,  82*2 

rupture  Of,  changes  following,  828  el  itq. 
Gradient,  pressure,  281,  887 
Gramme-molecular  tolutlona,  822 
Grandly,  corpuscle*  of,  721 
Granular  layers  of  retina,  772 
Grape-sugar.    See  Dextrose. 
Gravity,  Influence  of,  on  circulation,  27S 
Grehant,  output  of  the  heart,  246 
Grey  matter  of  cerebellum,  191,  624,  649 

of  care  brum,  197,  668 

of  crura  cerebri,  684 

of  medulla  oblongata,  627,  682,  688,  686 

of  pons  Varolii,  686 

of  apinal  cord,  191,  610 
Groove,  primitive,  881 

Groaamann,  on  the  course  of  the  inhibitory  fi  bra- 
in mammals,  250 
Growth  of  bone,  64 
Guanine,  408, 662 
Gubernaculum  teatli,  876 
Godden,  von,  bundle  of,  680 
Gullet,  446.    See  (Esophagus, 
GuaUtory  cella,  781 


H. 

Hemacytometers,  428,  424 
Hnmadromometer,  Volkmann'a,  278 
Haunatachometer,  Cybulskl's,  288 

Vlerordt'a,  <b. 
Haunatln,  480 
HssmatoblasU,  882,  420 
H*ema  told  In,  481,  606 
Hametoporphyria,  481 ,  444 
Ham-autograph,  292 
Hasmln,  481 
Hnmochromogen,  481 
Haunoglobtn,  76,  401,  418,  429  et  $eq. 

analysts  of,  480 

compound*  of,  482 

c ry itallisa We ,  897 

diatribution,  429 

eatlmatton  of,  487 

photographic  apectrum  of,  485 
Hssmoglobmometers,  487,  488 
Hsomodobbiurla,  paroxysmal,  678 
Hssmolympb  glands,  888 
Hemolysins,  440 
Heir-cells,  746 
Halr-folllclea,  677 
Haira,  677 

atructure  of,  lb. 
Haldane'a  apparatus  for  eatlmatlng  the  carbonic 
•old  and  aqueous  vapour  given   off  by  an 
animal,  876 

carbonic  oxide  method  of  estimating  oxygen 
tenalon  of  arterial  blood,  882 
Hamulus,  744 

Hardy,  microscopic  atructure  of  cells,  9 
Hare-lip,  cause  of,  847 
Hawaii,  concentric  corpuscles  of,  884,  870 
Haversian  canals,  60 
Head,  development  of,  846 
Head  and  tall  folds,  884 
Hearing,  anatomy  of  organ  of,  788  et  itq. 

Influence  of  external  ear  on,  746 
of  middle  ear,  <f>. 

physiology  of,  746 

range  of,  749 
Set  Sound,  Vibrations,  etc. 
Heart,  200  et  itq. 

action  of, 
accelerated,  249 


Hinrss's  Link  or  Dihc. 

Heart — eonlinurd 
force  of,  244 
frequency,  ib. 
inhibited.  249 
self-steering,  287 
auricles  of,  207,  281 
chambers,  207 

capacity  of,  210 
chordss  tendiness  of,  212 
columnar-  oarness  of,  ib. 
conduction  In  the,  268 
course  of  blood  In,  218 
cycle,  281 
development,  862 
endocardlac  pressure,  240 
endocardium,  207,  211 
total,  880 
force,  244 
frog's,  229,  280 
instruments  for  studying,  266 
nerves  of,  260 
ganglia  of,  ib. 
Influence  of  drags,  ib. 
of  pneumogastric  nerve,  247 
of  sympathetic  nerve,  249 
Innervation,  247 
intracardiac  nerves,  262 

pressure,  240 
Investing  sac,  206 
muscular  fibres  of,  86 
muscull  papUlares,  212 
nervous  system,  influence  on,  247 
output  of,  246 
pericardium,  206 
physiology,  231  et  uq. 
reflex  Inhibition,  261 
•ituatlon,  206 
size  and  weight,  210 
sounds  of,  284 

onuses,  286 
structure  of,  210 
valves,  211 

aurlortlo- ventricular,  210 

function  of,  288 
semilunar,  212 

function  of,  284 
structure.  211 
ventricles,  their  action,  207,  210,  862 
work  of,  244,  246 
Heat,  animal.    See  Temperature. 
Influence  of  nervous  system,  604 

of  various  circumstances  on,  608  et  itq. 
losses  by  radiation,  etc.,  600 
variations  of,  698 
Heat  coagulation,  898 
Heat-rigor  of  muscle,  157 

of nerve,  178 
Heat  spots,  726 
Heat-value  of  food,  599 
Height,  relation  to  respiratory  capacity,  869 
Held,  experiments-  on  myelinatlon,  698 
Hellotne  arteries,  819 
Hellcotrema,  744 
Helix  of  ear,  788 
Heller's  nitric-acid  test,  670 
Helmholtz's  Induction  coll,  111 
myograph,  112 
phakosoope.  782 
Helwig's  bundle,  617 
Hemianopsia,  689,  808 
Hemiplegia,  666,  688 
Hemlsection  of  spinal  cord,  619,  667 
Hemispheres,  cerebral.    Set  Cerebrum. 
Henle,  sheath  of,  94 
Henry-Dalton  law  for  gases,  825. 
Hensen's  line  or  disc,  82. 
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Uapatfa  Baste,  •". 

colic,  619 
Hr-rbat,  corpuscles  of,  710 
llnrlng  *  thaocy  of  rolonr,  7W 
lNtcro-albuaeoee,  487 

IIM*ro»ypeni1t©sl».  h 
IUximm  Um,  40* 

HnoM,  888 

Hiccough,  ir-ecUanlsm  of,  909 
Hill  (Croft)  cm  Inverting  ferments,  407 
Hill  CUomri)oB  Um  circulation  of  b'ood  In  Ui« 
brain,  812  rl  «/«r. 
on  Dm  ii. (luetic*  of  gravity  on  the  circulation, 

777 

on  alterations  In  atmoti'lierlr  proa«ur«,  874 
Hill's  air-pump,  8«4 
II  Indent,  hs.-. 
Hlppurlc  acid,  J42 
Hhrtone,  480 

..tie  ova,  R» 

it  i  astarpi  iMKi.-it,  M 
a  mplar,  MT 

li'i  manometer.  34J,  JT»,  110 

iliiterentUI  manometer,  ?ts 
Hyaline  i-artliah*.  60 

oorpiuMlfj,  431 
Hyaloplasm,  • 
llydroMllrubln,  .'ill.  651 
Uydro-klnetlc  fore*.  Si 

-*UUc  force,  SSI 
Hyparmeiropia.  780 
Hyperpocna,  871 
Hypertonic  solutions.  5*1 
HypoUsat,  21.  SK-BS* 

organ*  formed  from.  CM 
Hypoglossal  nerve,  640 

distribution,  047 

origin.  «46 

Hypophysis,  m« 
II)  i"j«p4ilia»,  87T 
Hypotonic  eolations,  8M 
Uypoxanthln*.  til,  408,  MS 
presence  In  tlie  spleen,  889 


Heo-cerc*!  valve,  441,43  . 
114MB,  til 

ImaRp,  formation  ou  ratlin 
[mnnrtgr,  U  -1 
Impregnation  of  ovum,  890 
Inanition  or  starvation,  080 
Incna, 740 

-lopni«iitof,»48 
Indlrtui,  664 
!..  i 
Induction  coll,  100  H  an,. 

ciimmt,  109 

uluni,  840 
lritill)iti..n,  vagus,  S4T 
Inhibitory  rsnitre.  for  bran,  nfinct  or  venous  blood 

00,873 
Inhibitory  Influence  of  pneumonias  trie  nerve,  947 

■  -rvM.  1M 
Inoculation,  curative,  440 

probvtiw, 
Ittogrii.  14'/, 
Inorsanlc  compound!  In  body,  8M 

•alls  In  protoplasm,  10 
Inoelle,  8i>3 
ln*al|vatlori,586 
Inspiration,  851 

elastic  ralstauvc*  overcome  by,  308 

•xpaoaluii  of  client  In,  it: 


Innptratkin    oinMnsv./ 
eUraordiisary,  it>. 
lormimftaj  I  to,  Bl 

mechanism  of,  961  H  *r?. 
Instrumental  for  •ktmoustratlng  muscular  action, 

107.; 
IntsnwJlular  roster**],  S,  M 

paaaaun  540 
Intereentral  nerves,  IBS 
lutarooaUl  muscles,  action  In  Inspiration,  S3*  H 

action  In  expiration,  804 
Intercrossing  floras  of  Miarpey ,  63,  M 
iiiUrmadlUT  norva-oalU,  908 
I  nteruM-llate.  ares*.  006-4W7 
[BtocsaMtoal  palBtvfM 

Importance  of.  006 

respiration,  870 
Internal  ascrstloa  theory  of  the  ductlsse 

858,  St8 
Internal  sphincter  ransele,  467,  091 
Interstitial  cells,  819 
Intestinal  jotes,  400,  490,  588 
Intestines.  461 

absorption  of  aolntiona  from  tbe,  MS 

action  of  drug*.  688 

dilution  In,  490  rt  *■/. 
duration  of,  0S8 

AothobohbAi  I  I 

(danda,  407 

structure. 

movematita,  681 

•  race  nan  Um,  984 
small,  461 
glands,  464 
atrnotarr,  ib. 
Intracardiac  narvr*,  808 

pressure,  910 
Intraventricular  nucleus,  804 

luv*r*loii,990,  4U6 

liivertln.  408 

Involuntary  moaclaa,  7S  (see  166  it  mj.) 

structure  of,  78 
lodo-lhyru,  887 

IrU.  798 

rlavalopmant  of,  KM 
functions,  785 

rsfla  tswoH,  T8j 

IrradUUon,7t7 
Irrrubllity  of  Usmmb,  N 
1.1-U  of  UoKarhsj,.,  400,  4M,  501 
lacxbolaatsjrtn,  612.  678 
(■o-msJtoss,  901 
laoaastrtc  oca  traction.  It! 
taotanlc  ooatnetimi,  16. 
eolations.  830 

J. 

Jiekeonlan  epflrjpay,  en 
Jacobean 's  a*r*«,  844 
Jaundice.  SI8 
Jeoorln,  880 
Jejunum.  461 
Jelly  of  Wbarton.  40,  848 
Jrtlvllke  oonnertlr*  tissue,  4S 
Juloa,  lastrlc.  481 
pancreatic,  401 

K. 

Rsieer's  views  on  ratucular  rontractlun,  \v: 

li»r\.i«ll.ir.u      I 

phasoa  of,  vO 
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Katabomc  Phsuomkna. 

Katabollc  phenomena,  584,  818 

Katelectrotonus,  188 

Kations,  821 

Kennedy,  experiment  on  nerve  crossing,  174 

Kephaltn,  170 

Keratin,  88,  404,  675,  581 

Ketoaea,  888 

Key,  Du  Bod  Raymond's,  103 

Kidneys,  685 

blood-vessels  of,  how  dlatrlbntaJ,  6(8 
affect  of  ligaturing,  645 

calyces,  680 

capillaries  of,  640 

development  of,  S78 

dleeatee  of,  effect  on  tba  skm,  682 

extirpation  of,  648 

function,  548.    See  Urine. 

Ifalpighlan  corpuscle*  of,  636 

nerve*,  648 

pelvta  of,  530 

structure.  585 

tabulea  of,  680  el  ttq. 

weight,  585 

work  done  by,  647 
Kinesthetic  area,  000 

sense,  728 
Kinetoplasm,  201 

Kjoldahl's  method  of  estimating  urea,  555 
Klein  on  the  atagea  of  karyoklnesls,  17 
Knee-jerk,  078, 674 
Kdnlg's  apparatua  for  obtaining  flame-pictures  of 

musical  notes,  700 
Koaael  on  protamiuea,  404 
Krauae's  membraue,  82-87 
Kronecker's  perfusion  cannula,  267 
KUhne'a  gracllla  experiment,  178  (are  801) 

muscle  plasma  experiment,  156 
Kymograph,  Pick 'a  spring,  272,  278 

Ludwlga,  270 

tracings,  272, 274 


L. 

Labia  externa  anil  interna,  de\elopn  ant  of,  877 

Labyrinth  of  the  ear.    see  Bar. 

Lacrimal  gland,  764 

r  ACt-»lburnln,  462 

Lactase,  501 

LacieaU,  228,  468,  454,  521 

fermentation,  801 
Lactiferous  ducts,  464 
Lactose,  800,  408,  671 
Lamina  crtbosa,  771 

spiralis,  742 

aupra-choroldea,  768 
Langley's    experiment    on    vagus   and   cervical 
sympathetic  nerve,  174, 175  (tee  718) 

ganglion,  477 

nicotine  method,  801,  478 
Ijargo  Intestine.    Set  Intestines. 
Laryngoscope,  755 

Larynx,  anatomy  of,  751 

cartilages  of,  ib. 

mucous  membrane,  7.'>3 

muscles  of,  758  tt  ttq. 

nerves  of,  766 

vocal  cords,  751,  757 
movements  of,  757 
Lateral  sclerosis,  071 
Lateral  nasal  process,  840 
Laterllious  deposit,  661 
Langerhans,  Islets  of,  490,  491 ,  501 
Lecithin,  92,  170,  896,  409 
Lens,  crystalline,  700,  770 
Lenticular  nucleus,  654 


Lymphocytic. 

Leplne's  theory  of  the  ferment  of  the  pancreatic 

internal  secretion,  517 
Leucine,  835,  499 

Leucocytes.    See  Blood  corpuscles  (white). 
Levuloee,  800 

I xi wis,  on  litemolyropli  glands,  888 
Lieberkuhn's  glands,  454,  467 

Jelly,  401 
Llgamentum  peottnatum  iridla,  770 

arteriosum,  860 
Limba,  development  of,  845 
Line  of  Baillarger,  658 

of  Gennari,  650,  089,  718 
l.ippmann's  capillary  electrometer,  1 88 
Liquor  sanguinis,  or  plasma,  70,  414 
Liver,  502 

blood-vessels,  603 

capillaries,  506 

cells  of,  602 

circulation  In,  605 

development  of,  869 

extirpation  in  mammala,  667 
in  frogs,  ib. 

formation  of  urea  by,  507,  667 

functions,  507 

glycogenic  function  of,  514 

nerve*  of,  518 

secretion  of.    See  Bile. 

structure,  503 

sugar  formed  by,  614  (see  516)- 

supply  of  blood  to,  502,  608 
Local  signature,  724 
Localisation  of  tactile  sensations,  728 
Locomotor  ataxy,  608,  674 
l.oopof  IlciUe,  680 
Lortet  on  the  carotid  flow,  285 
Lud  wig's  air-pump,  883 

kymograph,  270 

Htromuhr,  279 
Lugaro'a  sleep  theory,  009 
Lunatic's  brain,  704 
Lungs,  847 

air-saca  of,  849 

blood-supply.  850 

capillaries  of,  840 

change*  of  air  in,  875 

circulation  in,  850 

coverings  of,  847 

development  of,  870 

di (fusion  of  gases  within,  377 

lobea  of,  848  . 

lobules  of,  ib. 

lymphatica,  850 

macular  tissue  of,  848 

nerves,  851 

nutrition  of,  860 

position  of,  848 

structure,  847 
Lnxus  consumption,  604 
Lymph,  221,  818 

composition  of,  813 

current  of,  817 

formation  of,  318 
Lymph  capillaries,  222 

origin  of,  228 

structure,  226 
Lymph-hearta,  structure  and  action  of,  817 

relation  to  aplnal  cord,  318 
l.ymphagoguea,  819 
Lymphatic  glands,  228,  815 

development,  870 
Lymphatic  vessels,  221 

of  arteries  and  veins,  218 

communication  with  blood-vessels,  221 

structure  of,  222 
Lymphocytes,  881,  421 


MacMunn.  iim  of  Ilia  birm  myo-ka-maUn,  III 

»!.»i  I  MMM  I'    u-ilm  i!  I,  RN 
Macula,  TOT 

luU»,  T71,  772,773 
Macult   BOMUtJcm,  T45 


Mairiieaium  pSioephat*.  a>» 
Mat*  organ,  of  generation, 


eexual  funetlona,  810 
Matt  Mia,  740,848 

Malpmlnan  bodlee  ur  cucpmckia  of  kidney,  6MJ 
,     ESkq 

corp'uclee  of  ipltaa,  SI 
Malta**,  4*7 
Maltose,  s»l,4h0 
Mammal,  nervea  of,  351 
Mammary  «latvW,  441 

ovolutlon,  MB 

(aroint  tor. 

laetaUoo,  Ift, 

dura,  ti4 

Mandibular  areb,  847 
Manometer,  1 1 

MarUn'a.  871 
March  I  reaction,  IT7 
Mar«" 

umbour,  IB,  saw,  310 
MmMmMob.MI 
Maatold  oalla.  788 
Mataratlun  of  tbfl  ovum.  818 

»r>  MOO— i  (*I7 
Maximal  pulaaticm,  301 
May.  I'aca,  reaction  ofdagtMTatlon.  180 
Moat  aa  food,  400 
Vnum  of  oar,  7«3 
Mac*- 

-i- 1  .i  mm,  ■■■■> 

MedUetimnn  l*»tl».  M7 
Me-inlla  oblongata,  190,  «S,  030  <(  atf. 
una  of,  017 

decuaaatlon  or  Bona,  083-CS4 

development,  803 

rlbrea  of,  bow  distributed,  017 

irrey  matter  In,  010 

pyramid*  of  anterior,  030 
I  •» trior.  017 

•trueiureaf,  038 
M^uHary  urcora,  888 
Meibomian  fjUlrlea,  473.  704 
lUi— ItCOtUMul   .,  n  I 

into  granoJaa,  MS 
Membrana  capraio-pnpUlaria,  800 
cliorb>ca|.ilUrL,  70S 
ihvldua,  680 
psantem8B 

dardupinriit  InUi  corpus  luleu 
hyaloM.-a,  T70 
llmlUn*  externa,  771, 77S 

Interna,  77 
propria  or  baannmit  memltri 

Membrana. 
papOUrl.,  900 
tectorla,  74.'. 
action  of.  . 
tyrnpatii,  7*.  740 
Membrane,  vitelline,  854 
Membn&oa  of  the  brain  and  .plnal  eon  I,  luu 


Mrtnbnuiea,  mut vita.    Set  Mucime  Meant 
eemipai  juaa  Ho,  80 
ee run*,  471 
Merabniioua  labyr  inlb,  741,  US.    &*  Har, 
i.  838,  810 

I    har>*  uf  oia,  838 

M"i' urUl  kymograph,  W0, 171 
>l-r...l-ai'.|.-«,va,  r> 
Mesencephalon,  014.  r 
doraal,8M 
Mcelal  nana]  praeuut,  840 
MeaoUaat.  31.  MS 

ami  •  R  tmm  ran,  h*- 
Meaoblartlc  eoirilt**.  Of, 

>!--.  ii  -i.liri.».  171 

Metabolic  t*ianre..lie*U,  tS7  tt  —, 
Metabolism.  7,  81» 

ptmtl,  ■-:.■■  ■  ,. 

Motanepbro*.  872 
Meteuceiibal'jn,  034. »» 
Metba-mogiobtn,  «j 

phol'  I  rum  <jf,  >'. 

Met'.'.  tabes.  48V 
HI  rocoi  '..  jcr,  HI 
Mlcrocvtca.  4*0 
Micro-organism*,  type*  of,  40S 
Microamatlc  animal*.  7M 
Micru-apactnwupa,  484 
Mletuir.k.n, 

centre,  S49.0T0 
Middle  rar.     St*  Tympanurr. 
MW-gi. 
MUk.aafood,  481 

alcohol  in  frrmauUUait  of,  4*3 

chemical  tempo*  it  km,  401 
coagulation  or,  tl. 
fau  of,  408 

chemical  eorapo*iUo>i . 
i  roM u  of,  *•'-' 

reaction  and  ipecinc  gravity ,  401 
mUawL  m 
aecrction  of.  401 
■ourtof  of.  40B  (*r<  301) 
•!'••■,  Iiir.  I  - 

MUk-iflobolea,  401 

properties  of,  St'l 
Milk-teeth,  or.  iiHit. 

*  r^ag*nt  aixl  tw. 
ilrial  ibaatk.tm 
Mitoai*.,  10,830 
Mitral  oalla,  710 

Molara.    StTmOi. 

UoMMDUr  layer.,  77t  771 

MoeaocKoU'a  ••let  Ubl..  401 

Mo»»Mwilum.  104 

Monakot,  »  t.m..!le,  fl7.«M 

M^iitarMp  ofurmkl 

H  •  itoarii  *:i  -n- •: - . ;--. 

Monkey  ■  brain.  080 

Monoplegia.  083 

MonoaaccNs. 

M 

llwn'i  teal  fi  r 

M'  rner  and  ^''^mtt'a  maUi»l  of  a*tlmatitnj  I 

Morfihoiocical  derelopmant,  10 

Mix«o'«  cruoKrapk.  IW> 
axparimeni  -ctaof  fatbrii 

Irapiilaaa,  tranatnlulon  in  cord,  000 
tK.rve.fi fare*,  VI 
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Motor  Nkrvrr. 

Motor  nerves,  101 

Motor  ocull  nerve,  028,  040 

origin  of,  040 
Mott  and  Halliburton,  on  degenerated  nerve,  107, 

177 
Mountain  sickness,  874 
Month,  446 
Movements  of  protoplasm,  19, 100 

peristaltic,  of  Intestines,  681 
of  Involuntary  muscle,  168 
of  stomach,  028 
Mucic  acid,  890 

Mudgen  or  Muclnogen,  SO,  83,  475 
Mucin,  90,  88,  401,  471 
Mucoids,  401 
Mucous  membrane,  471 

digestive  tract,  ib. 

epithelium-cells  of,  472.    Set  BplthoHum. 

gastro-pulmonary  tract,  472 

geni to-urinary  tract,  ib. 

gland-cells  of,  ib. 

of  Intestines,  462,  467 

respiratory  tract,  472 

of  stomach,  448 

of  uterus,  changes  In  pregnancy,  825 
Mullet's  fibres,  772 
Mttllerian  duct,  879 
Multipolar  nerve-cells,  194 
Murexlde  test.  600 

Muscarine,  action  of,  on  the  heart,  250 
Muscle,  106 

blood-vessels  of,  80 

cardiac,  87 

changes  in  farm,  when  it  contracts,  107  tt  $eg. 

chemical  changes  in,  140 
composition  of,  164 

dot,  oT 

columns,  81 

contractility,  89 

curves,  118, 110-118, 189 

development,  88 

dynamometer,  181 

elasticity,  196 

electrical  phenomena  of,  188  et  ieq„  180 

extensibility  of,  196  el  uq. 

fatigue,  effect  of,  117, 160 
curves,  117 

Hansen's  line,  82 

Involuntary,  79  («e  158  et  ttq.) 

Irritability ,  00 
evidence  of,  ih. 

nerves  of,  80 

pi sin,  87 

plasma,  154,  150 

red,  87 

response  to  stimuli,  102  tt  ttq.,  180 

rigor,  153,  100 

sarcolemma,  80 

aenaory  nerve-endings  in,  722 

serum,  154 

shape,  changes  In,  121 

skeletal,  79 

sound,  developed  In  contraction  of,  122 

spindle,  80,  078.    See  Neuro-moscular  spindle. 

stimuli,  102 

striated,  structure  of,  81  tt  tea. 

tetanus,  121 
negative  variation  of,  140 

thermal  changes  In,  147 

tonus,  ISO,  160 

twitch,  110  (tet  141) 

voluntary,*  79  (net  158  el  $eq.) 

wave,  118, 141 

work  of,  180 
Muscles,  reciprocal  action  of  antagonistic,  073 
Muscular  action,  conditions  of,  181 


Nrrtvrs. 

Muscular  contraction,  100, 110 

effect  of  two  successive  stimuli,  119 
of  mora  than  two  stimuli,  120 

voluntary  tetanus,  191 
Muscular  fibres, 

development,  88 

plain,  78 

transversely  striated,  ib. 
Muscular  force,  180 

irritability,  99 

sense,  728 

tissue,  78  tt  $eq. 
composition  of,  166 
Muscnlarts  mncowf .  846,  448,  468,  454,  467 
Musical  sounds,  769 
Mydriatic,  789 
Myelencepnalon,  868 
Myelmatlon.  099 
Myeloplaxes,  66 
Myelospongium,  859 
Myogen-nbrtn,  160 
Myoriobulin,  166 
Myohawwtln,  160 
Myograph,  107 

HehnholU  s,  112 

pendulum,  114 

spring,  to. 

transmission,  192  l$u  172) 
Myopia,  or  short-sight,  786 
Myosin,  164, 160 
Myostn-flbrtn,  160 
Myosinogen,  165-167 
Myotics,  789 
Myxcedema,  880  (sec  841) 


N. 

NaOa,  677 

Nasal  cavtties  In  relation  to  smell,  784  tt  ttq. 

Nasmyth's  membrane,  89,  74 

Near  point,  788 

Nerve-cells,  classification  of,  908 

structure  of,  192  tt  itq. 
Nerve-centres,  190  tt  teq.    Stt  Cerebellum,  Cere- 
brum, etc. 

ano-spinsl,  6S4 

dHo-sptnai,  070  (tt  788) 

defecation,  688 

deglutition,  627 

erection,  070 

micturition,  649,  070 

parturition,  076 

respiratory,  860 

secretion  of  saliva,  470 

speech,  088 

vase-motor,  207,  071 
Nerve-corpuscles,  192  et  teq. 

bipolar,  198 

unipolar,  id 
Nerve  epithelium,  710 
Nerve-fibres,  cardio-lnhibftory,  247 
Nerve-Impulse,  velocity  of,  172 
Nerves,  90 

accelerator,  102 

action  of  stimuli  on,  109,  649 

afferent.  90, 102 

axis-cylinder  of,  99 

cells.  91, 192 

centrifugal,  161 

centripetal,  162 

cerebro-aplnaJ,  191,606 

changes  In,  during  activity,  171 

classification,  161 

conductivity  of,  181, 189 

cranial,  191,  040  tt  *tq.,  848 
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N«rres—  tontintud 
dajansmion,  164. 900 

ebsnwtr*  of.  177 

reaction  or,  186 
direction  of  ■  nerve  Imputae,  17* 
effcreut.  DO,  161 
etertrtasl,  143 

•tltnalitloj. 

flfarea,  Bl 

funaUooe  of.  161 
funiculi  of,  94 
grsy  matter,  91 
inhibitory,  in 
lutercenlrsJ,  163 
mtrscardte*,  863 
irritability  of,  99 
Iswsofounduuiion.  M  rt  «Hf. 
■Mduiiary  itwaih,  in 

■tedujlatsd,  Wl 
ssotor.  101 

termination  of,  1)6 
node*  of  lUuvwr,  93 
non-iw  liilUtr-1,  VI 
olfactory,  628,  75S 
physiology  of,  161  tt ttq. 
■In  •*■  ■  t-'f,  •  • 

rcfktx  action*.  1C3,  1»8 
SeCKtOTT,  163 
•action  of,  164,  477 
aba  Of,  04 

•penal.    Ste  8ptital  Nerve*. 

aplaaclinic,  stimulation  of,  XI 

•UmulnUon  of  cut,  164,  Ml,  131 

etructtir*,  81 

sympathetic.  Influence  on  boart,  U4l> 

UlU,  731 

VermtnaUotia  of, 
■i  oorpuaelss  of  Oolgi,  733 
In  oorpujeles  of  flrsmlry,  733 
In  corpuscles  of  Herb* ,, 
In  snd-bulhs,  730 
In  mo  tonal  end-plstns,  Oi 
In  network*  or  plexuses.  73J 
In  Pacinian  corpuscles,  716 
In  touch-corpuscles,  730 

trophic,  163,  818 
Nervous  clrcla*.  663,  674 
Nervuus  system, 

oerebro-spmal,  101,  606 

development,  668  ti  ses;. 

electrical  variation  In  central,  OVT 

Influence  on  the  heart,  8,0 

sympathetic,  340 

vaau-motor,  art  tt  sen,. 
Nervous  tissues,  cbesni»try  of.  l" 
Nennl  crast,  161 
Neunmterlc  cartel,  631 
Neuroblast*,  860 
Monro«li»,  191, 80«,  860 
NeuroksrmUn,  93,  IK.  404 
Neuro-muscuiar  spta'llas,  66,  721,  728 
Nleottas,  notion  of,  mi,  sw,  678 
Niseis  (raoolaa,  196  >t  «■;.,  700 

■IminoBim  of,  sm 
Nitric  oiPte  hsunogloMn,  437 
Nitrogen  In  lb*  blod.  878 

eliratnstMl  In  The  form  of  area,  469 
Nodal  point,  777 
Notes  of  RsoTlar,  98 
Now.    3«.Sm«U. 

development  of,  867 
sTosnfcord,  M  .  M 

Nuclear  layers,  773,  773 
asp  or  matrix,  10 


Ossict-n  or  m*  E«k. 

Nudalo  sold,  601 

NucJein,  11,401,403,  4(« 

Nnttel  pofttis,  665 

Nudeoii,  10 

Saateo-protei-U,  4«M 

Nucleus  of  animal  cell,  6,  10  <r  wj. 

chemical  composition,  11 

<liv  islun,  16 

italnloK-of.  11 

structure,  i». 
Nucleus  arobtsuus.  084,  «4» 
Nucleus  of  Bschterww,  o4s 

.lopla,  808 
N)  -t^oiui,  80S 


0. 

Obtiaoe  vela  of  Marshall,  868 
OrionuksMi*.  68,  70,  73,  78 
■ 

K  Hiours,  787.    £«  Smell. 
a»Tla,  <lavelvpB»enl 
structure  of,  446 
Oleaginous  principles,  SOB 

OIWC  SCM,  804 

Olfactory  bulb,  786 

depression,  847 

narvaa,  638,  7*6 

tract,  780 
"  roots  "  oi . 
Olnary  body,  836.  «S4 
Oliver  a  bamscytesaetar,  436 

on  ths  sphygmometer.  3H 
<  'mphalo- mesenteric  rains,  AS»,  »•*> ,  863,  866 
Oncograph,  Boy*a.  90S 
Oncousster.  810,  646 

knVnUnsl,  6*8 

Boya,  SOW.  883 
Oocyte*.  821, 836,  838, 83* 
1  •■  pn%  ^v j 

OjAthalmoaooi*.  792  >t  ***. 
Upsonli. 
OpUe  diae,  HI 
Optic  nerve,  638 

ilecuaaauati  of  fibre*  In,  808 

development  of,  806 
Optic  thaiatnua,  <M 

vesicle,  primary,  884 
Optical  angle,  779 

apparatus  of  eye,  777 

seta  tn,  7(M 
l  ipiajons,  M 

Ors,  •errata  of  ratine,  771,  771 
Orua/|  brain.  I 
Orbtto-splisaotil*.  848 
Organ  oi  Cortl,  T44 

ofOlraJd<> 
OrgiBioooinpoiiiid*  In  body,  886 
Onaatead  ferment*.  400 
Oraltblne,  678 
Oeaioala.  fa,  638 

ingnlsssd  frosn  diAsitosi,  897 
Oaanotte  pressore,  method  of  astui^alhig,  Sll,  1 

calculation  of,  826 
AMoralnalkm  -y 
Urprota4da.l36 
phenooMms,  831  H  mq. 
pbyslolotJoBl  appJlcaltans,  836 

Oswhxis  lsliyrlrith.  HI,    &<  Bu. 
0*<kka  of  Hie  e»r,  740 
scllon  of,  747 
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Ossification. 

Ossification,  stages  of,  GO  tt  uq. 

Osteoblast.,  60,  08 

Oiteoclasta,  68 

Osteogen,  69 

Otic  vesicle,  primary,  S66 

Otoliths,  707 

Ovary,  821 

development  of,  827 

Graafian  follicles  In,  821 
Oviduct,  or  Fallopian  tube,  826 
Ovo-muooM,  401 
Ovum,  20,  822,  827 

actloo  of  seminal  fluid  on,  828  rl  itq. 

changes  in  ovary,  827 
previous  to  fecundation,  828 

cleaving  of  yolk,  831 

•levelopment,  827 

fertilised,  880 

formation  of,  824 

germinal  vesicle  and  spot  of,  820  tt  $eq. 

Impregnation  of,  880 

maturation,  828 

segmentation,  881 

structure  of,  827 
In  mammals,  824 

subsequent  to  cleavage,  831  el  «e</. 
Oxidases,  407 

Oxygen  In  the  blood,  878,  SS0 
Oxyhemoglobin,  77, 429  el  $tq.,  432 

spectrum  of,  484,  486  (see  coloured  plate) 
Oxyntlc  cells,  481,  482 
OxyphUe  cells,  421 

P. 

Pacchionian  bodies,  006 
Pacinian  corpuscles,  719 
Pain,  710  (ses  668) 
Palmitic  acid,  894 
Palmltin,  44,  898 
Pancreas,  490 

adaptation  of,  601 

da  vol  opulent  of,  868 

extirpation  of,  600 
diabetic  condition   produced  in  animals  by 
601, 610 

functions  of,  600 

secretory  nerves  of,  403 

structure,  490 
Pancreatic  juice,  491 

action  on  fate,  402 

composition  and  action,  401 

ferments  In,  ib. 
Panoramic  vision,  713 
Papilla:, 

of  the  kidney,  630 

of  skin,  distribution  of,  676 

of  tongue,  729,  780 
Parachordal  cartilages,  847 
Paradoxical  contraction,  182 
Paraglobultn,  417 
Parallel  puzzle,  811 
Paramucln,  402 
Paramyosinogen,  166 
Parapeptone,  4S7 
•  Parathyroids,  887 
ParleUl  cells,  460,  481 
Parotid  gland,  478 
Parovarium,  873 

Paroxysmal  hemoglobinuria,  673 
Para  clllaris  retime,  776 
Parturition  centre,  676 
Par  vagum.    See  Pneumogastrlc  nerve. 
Pathological  urine,  670 

Pavy's   views  as  to   the   liver  being   •   sugar- 
forming  organ,  610 


PXKUMOOABTRIC   NkrVE. 

Pa  wlow's  method  for  obtaining  pure  gastric  (nice, 

482,  408,  496 

Pelvis  of  the  kidney,  686 
Pendulum  myograph,  114 
renin,  819 

structure,  ib. 
Pepsin,  481,485 
Pepsinogen,  482 
Pepsin-hydrochloric  acid,  484 
Peptones,  896,  400,  487^^^^^^—, 

characters  of,  487  st^sts^assss^^w 
Peptonuria,  671 
Perception,  716 

Perforating  fibres  of  Sliarpey,  68 
Perfusion  cannula,  Kronecker's,  267 
Pericardium,  200 
Perichondrium  of  cartilage,  61 
Perilymph,  or  fluid  of  labyrinth  of  ear,  706,  741 
Perimeter,  796 
Perimysium,  79 
Perineurium,  94 
Periotlc  capsule,  848 
Peripheral  resistance,  200 
Peristaltic  movements  of  Intestine*,  681,  682 

of  Involuntary  muscle,  168,  169  (<«  623) 

of  stomach,  628 
Perivltelllne  fluid,  SS0 
Permanent  teeth.    See  Teeth. 
Perspiration,  cutaneous,  679 

insensible  and  sensible,  680 

ordinary  constituents  of,  681 
Petteukofer'e  reaction,  510 
Peyer's  patches,  456 
ltluger's  law  of  contraction,  184, 180 

aerotonometer,  881 
Pliagocytee,  205,  422,  444 
Pliakoscope,  Helmboltz's,  782 
Pharynx,  445 

action  In  swallowing,  ib. 

development,  807 
Phouyl  hydrazine  test,  891  (see  672) 
PlUoridzln-dlabetes,  617 
Phosphates  In  urine,  666,  660 
Photo-chromatic  Interval,  808 
Photographic  spectra  of  hemoglobin,  oxyhemo- 
globin, and  metUnmoglobln,  485 
Photophobia,  808 
Phrenograph,  860 
Physiological  methods,  8 

rheoscope,  145, 160 

zero,  727 
Pia  mater,  606 
Picric  acid  lest,  671 
Pigment  cells  of  retina,  100,  774 

movement  of,  SOS 
Pineal  gland,  841 
Piotrowski's  reaction,  898, 404 
Plperldlne,  action  of,  840 
Pltot's  tube,  288 
Pituitary  body,  841 

development,  843 

effects  of  removal,  841 
Placenta,  maternal,  889 

foetal,  842 
Plasma  of  blood,  76,  400,  414 

gases  of,  410 
Plethysmograph,  807 

Sctaafer's,  263 
Pleura,  847 
Plexus,  terminal,  728 

of  Auerbaeh,  97, 462 
Pneumogastrlc  nerve,  629,  on 

distribution  of,  045 

functions,  029,  046 

Influrnco  on 
deglutition,  627 
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gaitrtc  iligaalton,  530 

aac- 
lf«rl.  347 

lnt|(t«  (UOOkK),  814 

:iiu«ct«n  ol  ■toina-'li,  r.»0 

pmmMi  awniam  M 

ruaprraUoti.  SW 
vomrUtt},-. 
mlicad  fui.ctloii  of,  044 
OTlglll. 
ropcmilorrg  rbnoehoni,  180 
l'olil  t  commutator,  170 
IVlar  globule*.  838  6*0 
I'ulanuvUr,  MM 

:«0 
Polyaecciiartda*,  sw 
I'un.  Varolii,  00,0X5 

I\*tal  earuit,  606 

elrcuUUoo,  114 

rain,  805.    S>«  UvtT. 
l"ora»  ofitlcru 

I'valfiru-latoral  column.  019 
Purtont'ton'e  BttTM,  8*1 
Proeinrun.  448 
rn»<5»iiglioi.ic  tlb**B,  801 

o«T|»n  lutoiim  of,  Sft 
iianltl  tract.  01. ' 
«,  797 

rrntaor  tasrvoi,  806 
I'Aaawi.'"  ^1,807 

Treaaur*  liaail,  382 
Ptmnm-wnturtt*,  l  M 
Primary  are»i  i  '>s,0M 
rrlmiuvc  urouva,  S3 1 

■noulli  cavil  . 

nvrto-tlipatli,  or  Srii««rm'i  aliaitb,  i>2 

attdtk.  Ml 

raftMlIt] 
Prajcctloii  llbrna,  639 
rrwuriiliroa,  871 
rro-nuclru-t,  feiittlr,  8a,  880 

IDAlC,  680 
rroi-i-tvi.n.  487 

PfBwwtuplnlun.  I    : 
FroataWglan 

i'ruUmtuea,  404 
1'roleM  moiabullim,  7 
iToUi'la.  7,  SM 
abaarptlon  of,  510 

i  Hrfiit,  tor 

of  Mood. 

clarification,  BW 
OOSiulatod,  400 
colour  reaction*,  807 

cwyegatao  or  comtouao,  SOU 
crj  •  :«7 

lndJ17u4it>lllty  of,  89* 
i— wMe  [t...«  in  of,  Ml 

praelplLanUof,  SM 

almpto,  800 

(oliiMUUna.SOA 
rrolfloa^,  I 

cl.aracv*r»  ■■ 

I  romblo,  414,  438 
T>rotCH«lbMioM,4aT 
ft  HOptaMBfT,  ft,  BM|Mi 

Qbaml'  ■!  Btru     .ur*,0 


ProtopuMtn— <oiui*m<I 

IrrlUbUit 

mmrraiRnU,  13  rl  mq  ,  100 
l-roto-vartebr*.  H83,  844 
Pmktm  ■nwtu,  MM 
PM<|  —rtH  I.8M 
Pattdopclla,  IV  I'. 
l'«an^aaeop»,811 
I'MdduHitaaiaU,  119 
I  IOBK8.  MS 
rtjralln.  87S,  480 
I'lyaliiioip-ii. 

omuf  arwry.  800 

F'ulan,  anacrotic,  M0 
arterial,  387  «  affl. 
dicroUi 

,..  u»»-*,  405.  50> 
1-iirWlnJe.  crlU,  107.  04» 
nbroa,  80 
ktMh  7. vi 

fytonc  Klanrt..  450.  49} 
Pyramidal  UacU,  01  i  •!  a*n. 
ryranHdaofneduli)  oU«  i_»u,  wx 

IViuram,  Ilea*,  theory  of  cUetinori  loo  ty  mnaelt 
prMHM,W 
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RaflBflkOM  irlai.d-.  (M 

Haakt'i  metabolic  uelaiir 
<lta*U: 

IU>r,»u  1  <  iliaMar,  Ml 

KaaeUmi  una  In  niaii,  075 
lie  lunad  eya,  779 
Helen 

tafalptlMQ. 

Mfc  *»,  OTrf 
la  man,  071 
MperflcU  . 
laatfc 

Of  liATToa,  1C8,  108 

lUMacaa,  ulertua,  077 

10- fraction,  law*  o.'. 

KatrMtU-a  lawlta  of  a>-' 

Hegumt  at  body.    Utt  KrotUUplaof . 

i;-i.i,  \s. .:.,,.  .  i,«spMMMMi«8iiti  MMllrvag 

Uta  IiiImUbm,  W8 
Ib-maii.  Mtnraof,  05 
gaucllon  of,  att 

R     ol  ,■■,,.-111  .1  on,  314 

•l.ltli.l.um,  aclMly  of.  516 

uncomalar,  645 
lloanat,  4o3 

IteproduoUra  oocau*.  81c  > 
k..,'u.h -...1.1.,-t,  -.-; 
KMarva  air,  85« 
RMl4na]  air,  I*. 
ItixltUiter,  fwripliwal,  M0 
liaaplraUoa.  Ml 

abdominal  type,  864 

alteration*  in  atmoai'haric  iimaturn,  37 1 

Uraatlilajtur  ti-iai  air,       I 

chomittrr  of,  a;  i 

»0e«t  oo  clrrmlatliiii,  804 
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Rnniunox. 

Sixaonv  iMpaasuoK*. 
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secretion  of.    See  Gastric  juice 

shadow  photographs  of,  620 

submucous  coat,  448 

structure,  ib. 
Stomadeum,  846 
Stoma  ta,  24 
Stratum  granulosum,  576 

Intermedium  of  Hannover,  73 

luoldum,  676 
Striated  border,  456  (tee  26-27) 
Striated  muscle,  81  et  teq.    Set  Muscle. 
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Trypsin cgsn,  400 
Tryptophan,  498 
Tachlasovitcli'*  i*»t,  44S 
Tubsrcl«  of  HoUndo,  CM 
Tubull  ss.ninrferl,  •  I 

uriuifrrl,  618  cfscg. 
Tubiilo  •  racemose   or   tubulo  .  sdoous    glan.U, 

478 
Tunic*  albugUisa  of  toaU.t 

d*rtos,88 

!•■  >,■■  <*.  IM 

vaginalis,  aic.sro 

vanillins,  760 

Turek'«  uolan.i 

Tympanum  or  mi  Ml«  ar,  788 

•layssopmwit,  800 

membrane  of,  788,  789 

muscles  of,  740 

siruoturw,  780 
TyiMtotj .  BO 


I 

UnbO ical  arteries.  Slv,  S48, 801.  013 
cart.  Mti,  642 

UmbUlnm,  8SA 
Unicellular  organisms,  0 
•miliar  blaaLodaam.  811 

Unipolar  nenm-ortl-. 


L'borwanlawl  fasmaats,  400 
UiMhaa,  848.  870 
I'rwnia,  aM,  on 

l/re»,  861 

■  I  jtaratua     for     «\rmalti>g      ijuanll! 

IM 
okaiBloal  caopoallfoM  of, 

.LKj«of.  V'K  507. 657 
Uoraartc  with  ammonium  cyanato,  ... 
-  .Uty.  660 
Unwi,M0 
Utathra.  641 

■      I,  600-6*J 

condition  In  which  It  exUta  In  nrw,  I 

deposit  of.  568 

turroa  In  which  It  U  depoeitod.  000, 1 

origin  of,  6&t 

praseac  i  In  lbs  spleen,  883 

pn  portioaM  ,  anaatitv  of.    •  I 

U<au,5«0 

•Hid.,  S6t 
Urinary  apparatus,  680  rl  <m. 
Urinary  blaiUler.  541 

■HaTaBJioati  •;>, 

nnrrea,  641 

itnetooi 

Urinary  ileposlla,  607  (f  ass. 
.61 
»n»l)«U  of,  5M 
bllr  h. 
blood  in,  lb. 

chemical  ssdlmscls  In,  60lr 
<   ■ 

r.mj.^.ili..,!,  IM 

cy  itin  In,  668 
848 


low  into  biaddar,  648 
hlppurle  acid  fn,  60S 
taorgaiiic  cotuutuouts,  504 
mineral  aalU  In,  M» 
macui  In,  000 
pathological,  670 
r.!io.|inaU»  In,  Oflfi,  600 

atr/i  bbI   Ian  Mm,  Ml 

pljtcnaata,  tfc. 

quantity.  661 

ranea  wltii  hlon.|.prsa»<ir*.  Ml 
reaction  of,  601 
la  dlflmart  animals,  06* 
made  alkallbe  by  diet, 
■allna  matter,  663,  550 

-.661 
spedBc  Rratltr  uf,  603 

variations  of,  lb. 
»ii km r  in,  VI  «t  w). 

tsata  fir  nUmaliiiu.  571 
teata  for  Inorganic  aaJU  of.  567 
urates.  508 
ana,  AM 
uric  acid  la.  6*0 
Urobilin,  611.  618,  5M 
Urobilinogen,  661 
Urochrom*, 
Uro-acythnn,  608 
Uaariaa  •-< '.:.,  Ml 

Taflaxas.  077 
Utorn.. 
chart"  uf  inucoua  sasm brans  of,  821 
dey«iopm«nt  In  prejnaa<7,  i'„ 
.larulandaof.  14. 
i  liiiainetil  of,  170 
structure,  MO 
Uterus  niiKCitliiiiu.  87S 

Darfok 


900 


INDEX 


v. 

Vagina,  development  of,  875 
Vago-sympathetic  of  frog,  248 
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Valsalva's  experiment,  870 
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hepatic,  866 
Iliac,  862 
Innominate,  864 
intercostal,  864 
jugular,  862,  864 
lumbar,  864 

omphalomesenteric,  880,  84D,  852,  866 
pulmonary,  860 
pressure  In,  978 
rhythmical  action  In,  200 
structure  of,  217 
subclavian,  864 
umbilical,  848,  862 
valves  of,  218  tt  ttq. 
Velocity  bead,  282 

pulse,  281 
Velocity  of  blood  in  arteries,  278 
in  cap'llaries,  280 
In  veins,  ib. 
of  circulation,  ib. 
of  ferment  action,  480,  41)2 
of  nervoua  Impulse,  172 
Vena  azygoa,  866 
Vena  cava,  864,  866.  868 
Vena:  advehentea,  866 

revehentea,  ib. 
Ventilation,  888 
Ventral  cerebellar  tract,  018 
Ventricles  of  heart.    Set  Heart. 
Ventricular  diastole,  282 

systole,  ib. 
Ventriloquism,  700 

Veratrlne,  effect  of,  on  muscular  contraction,  118 
Vermicular  movement  of  Intasttnea,  681 
Vernon,  heat  rigor  experiment,  167 

pancreatic  secretion,  400 
Vertebra?,  development  of,  844 
Verwoni,  Max,  strychnine  and  fatigue,  168 
Vesicle,  germinal,  20,  826 
Vealculte  scmtnale*,  810 


Whits  Fibro-Ca»tii.*<j*. 

Vibrations,  conveyance  of,  to  auditory  nerve,  740 
tt  tea. 

Vlerordt'e  hjematachomeler,  288 
Villi  in  chorion,  function  of,  880,  841 

of  intestines,  468 
Vincent,  Swale,  muscle  protelds,  100 
Visceral  clefts  and  arenas,  development  of,  847 
rt  ttq. 

connection  with  cranial  nerves,  848 
Visceral  meaoblast,  888 

pain,  727 
Vision,  700 

angle  of,  770 

at  different  distances,  adaptation  of  ays  to,  780 
it  ttq. 

corpora    quadrigemlns,   the   principal    nerve- 
centres  of,  028 

correction  of  aberration,  780  it  ttq. 
of  inversion  of  Image,  800 

defects  of,  784  tt  ttq. 

distinctness,  how  secured,  811  tt  ttq. 

duration  of  sensation  In,  701 

estimation  of  the  slxe  and  form  of  objects,  800- 
811 

focal  distance  of,  780 

Impaired  by  lesion  of  fifth  nerve,  818 

single,  with  two  eyes,  806  t I  ttq. 
Visual  area,  080,  718 

judgments,  800  it  ttn. 
Visual  purple,  778,  802 
Visual  word  centre,  006 
Vital  action,  820       •«*. 
Vitellln,  400 
Vitelline  duct,  807 

membrane,  826 

spheres,  ib. 
Vltello-intestlnal  duct,  886 
Vitreous  humour,  760,  770 
Vocal  corda,  761,  767 

action  In  respiratory  actions,  767 

approximation  of,  effect  on  height  of  note,  ib. 

vibration!  of,  cause  voice,  767, 768 
Voice,  761,  758 

range  of,  700 
Volkmann's  bicmadromometer,  278 
Voluntary  muscle,  70  tt  ttq. 

nerves  of,  80 
Voluntary  tetanus,  122, 160 
Vomer,  848 
Vomiting,  680 

action  of  atomach  In,  ib. 

centre,  681 

nerve  actions  In,  ib. 

voluntary  and  acquired,  ib. 
Vowels  and  consonanta,  701 

W. 

Waldeyer,  stages  of  karyoki  twain*  17  tt  ttq. 
Wallerian  degeneration  method,  104,  100,  011 
Waller,  apparatus  for  gaa  analysis,  884 

fatigue  theory,  161-168 

on  the  electrical  currents  of  the  eyeball,  808 

variation  m  nerve  action,  171 
Water-hammer  pulse,  288 
Wave  of  blood  causing  the  pulse,  ib. 

velocity  of,  ib. 
Weber- Fechner  law,  710,  726 
Weber'a  paradox,  120 

Weight,  Influence  on  capacity  of  respiration,  850 
Whey  proteid,  402 
White  corpuscles.    See  Blood-corpuscles,  white; 

and  Lymph-corpuscles. 
White  flbro-cartilage,  61 

fibrous  tissue,  41 

spot,  771 
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